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RULES AND REGULATIONS FOR THE 
CLASSIFICATION OF SHIPS, July 2007 


Notice No. 5 


This Notice contains amendments within the following Sections of the Rules and Regulations for the 
Classification of Ships, July 2007. The amendments are effective on the dates shown: 


Part Chapter Section Effective date 
3 2 2 1 March 2008 
3 9 6, 7,8 1 March 2008 
3 9 9 Corrigenda 
3 9 10, 11, 12, 13 1 March 2008 
5 9 1,2,3,4 1 March 2008 
8 1 Whole Chapter 1 March 2008 
8 2 Whole Chapter 1 March 2008 


It will be noted that the amendments also include corrigenda, which are effective from the date of this Notice. 


The Rules and Regulations for the Classification of Ships, July 2007 are to be read in conjunction with this 
Notice No. 5. The status of the Rules is now: 


Rules for Ships Effective date: July 2007 
Notice No. 1 Effective dates: 1 August 2007, 1 January 2008 & 
Corrigenda 
Notice No. 2 Effective dates: 1 July 2007, 1 October 2007, 
1 January 2008 & 1 July 2008 
Notice No. 3 Effective dates: 1 January 2009, 1 March 2008, & 
1 July 2008 & Corrigenda 
Notice No. 4 Effective dates: 1 January 2008, 1 July 2008 & Corrigenda 
Notice No. 5 Effective dates: 1 March 2008 & Corrigenda 


Part 3, Chapter 2 


Part 3, Chapter 2 
Materials 


Effective date 1 March 2008 


E Section 2 
Fracture control 


designed to operate in low ambient 
temperatures 


2.3.1 These requirements are intended for ships streggth- 
ened in accordance with the requirements stated in Ch 9,8 and 
designed to operate for long periods in low air temperatyires. 


2.3.2 The grade of steel to be used is related to the 
anticipated operating temperature, To, degree of ige induced 
dynamic loading and the thickness of material. In no ase should 
the grade of steel be less than that required by 2.1/or 2.2. 


2.3.3 In order to establish the anticipated opérating temper- 
ature, To, for a given structural member, it is assumed that the 
minimum design air temperature, 7, for ships flesigned to oper- 
ate in Arctic or Antarctic conditions, is not lower than —45°C and 
should not be taken as higher than -35°C./t is the responsibil- 
ity of the Owner to specify the design air t@mperature T. Where 
reliable environment records for contempjated operational areas 
exist, the minimum design air temperatufe can be obtained after 
the exclusion of all recorded values havjng a probability of occur- 
rence of less than 3 per cent. If T is Iwer than —45°C then the 
steel grades to be used will be specally considered. 


2.3.4 The operating temperature To relevant for the selec- 
tion of steel grades is given in able 2.2.5. 


2.3.5 Steel grades for pldting forming the outer shell and 
deck boundaries are obtained from the figures specified in 
Table 2.2.5. The strakes of ghell plating to which the bilge keels 
or ground bars are attachéd are to be made of Grade D steel 
over the forward 0,5L buf may be of Grade B steel elsewhere. 


2.3.6 In general, Aongitudinal frames and longitudinal 
bulkhead strakes attAched to deck and shell and outboard 
strakes of horizontal stringers are to be of the same steel 
grade as the hufl envelope plating to which they are 
connected, but thé grade may be adjusted to take account of 
difference in thickness. 


2.3.7 Thefuter strake of web plating of web frames is to 
be constructgd of material of the same steel grade as the shell 
plating to which they are attached, but the grade may be 
adjusted tg take account of difference in thickness. 


2.3.8 The steel grade of transverse side frames and the 
strakes/of transverse bulkhead plating directly attached to the 
shell if Region A, see Table 2.2.5, are to be determined from 
Fig. 2.2.2 in conjunction with an operating temperature 
of (J + 10)°C. 


28.9 Steel grades for rudder horn, stern frame and stem 
Including the adjacent strake of shell plating), are given in 


due account taken of difference in thickness 


Table 2.2.5 Steel grades and operating 
temperatures for ships intended to 
navigate in Arctic and Antarctic 


conditions 


Operating 
Position temp. 
To°C 


Region between a line set at a 
distance 0,1D or 2 m (which- 
ever is less) below the Ice 
Light Waterline and a line set 
the same distance above the 
Ice Load Waterline: 


Forward of 0,3L from the F.P. 
Abaft 0,3L from the F.P. 


Region between the keel and a 
line set at the lesser of 0,1D 
or 2 m below the Ice Light 
Waterline 


Forward of 0,3L from the F.P. 
Permanently immersed parts 
the welded stern frame 


main d 
excluding coamings, 
protected positions and 
forecastle sides: 


Forward of 0,3L fromfhe F.P. 
Abaft of 0,3L from thé F.P. 


T, see Note 
T, see Note 


Main deck protect¢d from open 
environment, i.e/ within 
accommodation block or 
forecastle, etc/, but excluding 
a 1m wide sfip adjacent to 
boundaries which are to be 


(0 
-15 


Deck cofmings, hatch covers, 
crane/pedestals T+5 


Exterfial bulkheads of accom- 
mgdation block (the lowest 
stfake is not to be less than 
Grade D), and forecastle sides 


T + 20 but 
not greater 
than -10°C 


lorecastle deck T +10, 


see Note 


All other permanently immersed Normal 
structure Rule 
Require- 
ment 


OTE 
For ships intended to operate only during the summer period and 
to be laid up in winter the operating temperature To may be taken 
ee e take ower th 8° 


DH 


Operating temperature °C 


Operating temperature °C 


E,EH 


FH 


Boundary lines form 
art of the lower grade 


0 10 20 30 40 50 60 


Material thickness (mm) 


Fig. 2.2.1 
Steel grade (Forward of 0,3L from the F.P.) 


AH,B 


-20 DH 


E,EH 


FH 


Boundary lines form 
art of the lower grade 


0 10 20 30 40 50 60 


terial thickness (mm) 


Fig. 2.2.2 Stéel grade (Remaining positions) 
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frame and stem for ships intended t 
navigate in Arctic or Antarctic 


conditions 
Steel gfadel2)(3) 
Item Condition |Construction 
f< 221) f > 25(1) 
Cafbon Carbon 
Full Cast steel anganese | manganese 
: y d steel steel 
met sy Grade 400 | Grade 400 
Rudde Fabrjgéated | Grade EH Grade EH 
udder 
horn Carbon : 
21/4 Ni steel 
Cast steel eae or 
Periodi ly Grade 460 equivalent 
im sed 
or &posed 11 Ni steel 
Fabricated | Grade FH or 
equivalent 
Cast steel Normal Rule | Normal Rule’ 
Fully requirement | requirement 
immersed , Table 2.2.5 |Table 2.2.5 
Fabricated Region B Region B 
Stern Carbon Carbon 
frame Cast steel | Manganese | manganese 
Periodically stee a fe 
immersed Grade 400 rade 
or exposed 
Table 2.2.5 
Fabricated | Region C Grade FH 
Fabri d Table 2.2.5 | Table 2.2.5 
abricate Region B Region B 
a _ Fully F Carbon Carbon 
including Immerse manganese | manganese 
adjacent Cast steel stea téa 
i of Grade 400 | Grade 400 
she 
plating Periodically ; Table 2.2.5 Table 2.2.5 
immersed Fapricatca Region C Region C 
or exposed | Cast steel | 21⁄4 Ni steel | 21/4 Ni steel 
NOTES 
1. f = APA x 10-3 (=0,858 VHoA x 10-8) 


where Po (Ho) is the maximum propulsion shaft power for 
which the machinery is classed 


3. For C-Mn LT60 and Ni 


A is displacement, in tonnes, at Ice Load Waterline or 


Deepest Ice Operation Waterline when floating in 
water of relative density of 1,0. 
2. For cast steel, see Pt 2, Ch 4,7. 
lates, see Pt 2, Ch 3,6. 
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Part 3, Chapter 9 
Special Features 


Effective date 1 March 2008 


Strengthening requirements for 
navigation in ice - Application of 
requirements 


6.1 Additional strengthening 


6.1.1 Where additional strengthening is fitted iff accor- 
dance with the requirements given in Sections 7 and 8, an 
appropriate special features notation will be assigned. It is 
the responsibility of the Owner to determine which notation is 
most suitable for his requirements. For material requirements, 
see Ch 2,2. For machinery requirements, see Pt 5, Ch 9. 


6.1.2 Where a special features notation is desired, the 
ship is to comply with the requirements øf the applicable 
Sections, in addition to those for sea-going service, so far as 
they are applicable. 


6.1.3 Ships that comply with the/requirements of the 
Finnish Swedish Ice Class Rules infforce at the time of 
contract and Section 7, for Ilce Class JA Super, IA, IB and IC 
may be assigned the corresponding notations Ice 
Class 1AS FS, Ice Class 1A FS, Icg Class 1B FS or Ice Class 
1C FS. The Finnish Swedish Ice Cfass Rules may be obtained 
from the following website: 
www.fma.fi 


6.1.4 The requirements fOr Ice Class 1D are for ships 
intended to navigate in light firgt year ice conditions. The require- 
ments for strengthening th forward region, the rudder and 
steering arrangements for Ige Class 1C FS are applicable. 


6.1.5 The requirem¢nts for Ice Class IE are for offshore 
supply ships, as defined/n Pt 4, Ch 4, and are intended to navi- 
gate in very light first-year ice conditions, such as in brash ice and 
small ice pieces. Thê requirements of Section 9 are to be 
complied with. 


6.1.6 For shfos where the ice class notation Ice 
Class 1AS FS(+4),/Ice Class 1A FS(+), Ice Class 1B FS(+) or Ice 
Class 1C FS(+)/s requested, the requirements of the Finnish 
Swedish Ice Cjass Rules in force at the time of contract, and 
Section 7, ang Pt 5, Ch 9,4 are to be complied with. 


6.1.7 The requirements for strengthening for navigation 
in ice, as given in Section 8, are intended for ships operating 
in multi-ygar ice in Arctic or Antarctic ice conditions under their 
own power. 


6.2 Geographical zones 


6.4.1 Ships intending to navigate in the Canadian Arctic 
st comply with the Canadian Arctic Shipping Pollution 
Prevention Regulations established by the Consolidated 


pba tala oc! Daa a KALALA Q afa ag Oo. DE 
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authorized to issue Arctic Pollution Prevention Certificates. 


6.2.2 The Canadian Arctic areas have been divided ifto 
zones relative to the severity of the ice conditions experienced 
and, in addition to geographic boundaries, each zong has 
seasonal limits affecting the necessary ice class notation 
required to permit operations at a particular time of yer. It is 
the responsibility of the Owner to determine which ngtation is 
most suitable for his requirements. 


6.2.3 The Canadian Authorities recognize that if the period 
November 6 to July 31 and any extension to that pefiod declared 
by the Canadian Coast Guard, oil and bulk chefnical tankers 
which qualify for Canadian Type A, B, C and D&s indicated in 
Table 9.6.1 are suitable for operating in designated ice control 
zones within Canadian waters, off the east coasf of Canada south 
of 60° north latitude. For all Type E tankers opfrating in this zone 
during the specified period, the Canadian Aythorities will require 
either additional hull strength in way of the/forward wing cargo 
tanks port and starboard, or the level of of or chemical in these 
tanks to be not higher than one metre bejow the waterline of the 
ship in her condition of transit. Where tfe latter arrangement is 
adopted, the effect on longitudinal strength is to be considered. 


Table 9.6.1 Canadian Typ¢s 


Canadian Type 


Lloyd’s Régister Ice Class Notation 


Ice Class 1AS FS 

Ice Class 1A FS 

Ice Class 1B FS 

Ice Class 1C FS and 1D 


Type A 
Type B 
Type C 
Type D 
Type E 


6.3 Icebreakers 


6.3.1 Sea-going shfps specially designed for icebreaking 
duties will be assigneg the ship type notation ‘Icebreaker’ in 
addition to the specjél features notation appropriate to the 
degree of ice strengthening provided. 


a Section 7 
Styengthening requirements for 
navigation in first-year ice 


conditions 
7.1 General 
7.1.1 In addition to the requirements of the Finnish 


Swedish Ice Class Rules,the following sections are to be 
complied with for Ilce Class 1AS FS, Ice Class 1A FS, Ice 
Cla$s 1B FS, Ice Class 1C FS and Ice Class 1D where 
applicable. Alternative arrangements to attain similar 
performance will be specially considered. 


give adequate propeller immersion in all ice navigating 
conditions without trimming the ship in such a manner that 
the actual waterline at the bow is below the ice light water- 
line. Ballast tanks situated above the ice light waterline and 
adjacent to the shell, which are intended to be used in ice 


navigating conditions, are to be provided with heating pipes. 


7.1.3 These Rules are formulated for both transverse and 
longitudinal framing systems but it is recommended that, 
whenever practicable, transverse framing is selected. 


7.1.4 These Rules assume that when approaching ice 
infested waters, the ship’s speed will be reduced appropri- 
ately. The vertical extent of ice strengthening for ships 
intended to operate at speeds exceeding 15 knots in areas 
containing isolated ice floes will be specially considered. 


7.1.5 An icebreaking ship is to have a hull form at the fore 
end adapted to break ice effectively. It is recommended that 
bulbous bows are not fitted to Ice Class 1AS ships. 


7.1.6 The stern of an icebreaking ship is to have a form 
such that broken ice is effectively displaced. 


7.1.7 Where it is desired to make provision for short tow 
operations, the bow area is to be suitably reinforced. 
Similarly, icebreakers may require local reinforcement in way 
of the stern fork. 


7.1.8 The vertical extent of the ice strengthening is 
related to the ice light and ice load waterlines, which are 
defined in 7.3. The maximum and minimum Ice Class 
draughts at both the fore and aft ends will be stated on thé 
Class Certificate. In addition, the minimum engine output, see 
Pt 5, Ch 9, will be stated on the Class Certificate. 


7.2 Definitions 


7.2.1 The Ice Load Waterline corresponds to the Fresh 
Water Summer Loadline. Where specially reguested and where 
permitted by the appropriate National Admiistration, an Ice Load 
Waterline may be specified which differsfrom the foregoing, but 
corresponds to the deepest conditOn in which the ship is 
expected to navigate in ice. 


7.2.2 The Ice Light Waterljñe is that corresponding to the 
lightest condition in which thehip is expected to navigate ice. 


7.2.3 The Ice Load Waterline and the Ice Light Waterline 
are to be indicated off the plans. For navigation in certain 
geographical area, the relevant National Authority may 
require the maximim Ice Class draught to be marked on the 
ship in a specifigd manner. 


7.2.4 DiSplacement A is the displacement, in tonnes, at 
the Ice Lgad Waterline when floating in water having a rela- 
tive denéity of 1,0. 


7.2, Shaft power, Po (Ho), is the maximum propulsion 
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7.3.1 Where a frame intersects a boundary betweenfwo 
of the hull regions the scantling requirements applicalgfe will 
be those for the forward region if the forward midshipfoound- 
ary is intersected or for the midship region if the gt midship 
boundary is intersected. 


7.3.2 The effective weld area attaching ice frames to 
primary members is not to be less than thg@shear area for the 
frames. 


7.4 Primary longitudinal embers supporting 
transverse ice framing 


7.4.1 The webs of primary longitudinal members 
supporting transverse igé frames are to be stiffened and 
connected to the maior intermediate frames so that the 
distance, r, between guch stiffening is not to be greater than 
given according to Me following formula: 


2At 
— mm 
va 
where 
t =fhickness, in mm, of the primary longitudinal 


member adjacent to the shell plating 
longitudinal distribution factor as given in 
Table 9.7.1 
(4 Forward region 
y = 0,653 + 3,217 


£ 
ll 


Po A x 10-5 


(y = 0,653 + 2,76 4| Ho A x 10-5), or 
y = 0,876 + 9,908 4/ Po A x 10-6 
(y = 0,876 + 8,5 4 Ho A x 10) 


or y = 1,0 whichever is the least 
where Pg (Ho) and A are as defined in 7.2. 
(o) Midship and aft regions 
y = 0,653 + 9,908 \/ Po A x 10-8 


(y = 0,653 + 8,5 4/ Ho A x 10-6) 


or y = 0,79, whichever is the lesser. 


Table 9.7.1 Longitudinal distribution factor o, 


Ao 
Midship 
1,00 0,98 


Ice Class 
Forward 


0,87 0,75 
0,78 0,64 
0,68 0,53 
0,68 — 


7.4.2 The minimum thickness of the web plating of longi- 
tudinal primary members is to comply with the requirements 
of Ch 10,4. 


Part 3, Chapter 9 


7.5.1 The stem is to be made of rolled, cast or forged 
steel or of shaped steel plates. A sharp edged stem, as 
shown in Fig. 9.7.1 improves the manoeuvrability of the ship 
in ice. 


Fig. 9.7.1 


A sharp edged stem 


7.5.2 The section modulus of the stem in the fore and aft 
direction is not to be less than determined in accordance with 
the following formula: 
Z = 1500 (0 '72)°2 cm8 

where 

Qo = longitudinal distribution factor for the forward region 

as given in Table 9.7.1 
yis defined in 7.5.2. 


7.5.3 The dimensions of a welded stem constructed as 
shown in Fig. 9.7.1 are to be determined in accordanc¢ with 
the following formula: 


t = 314fa,y2 mm 


where 
t = thickness of the side plates, in mm 


7.5.4 In bulbous bow constructions, fhe extent of plating 
below the Ice Light Waterline should befuch as to cover that 
part of the bulb forward of the verticAl line originating at the 
intersection of the Ice Light Waterliné and the stem contour at 
the centreline. A suitably tapere transition piece should be 
arranged between the reinfoyCed stem plating and keel. 
However, in no case should thé reinforced stem plating extend 
vertically below the Ice Light Waterline for less than 750 mm. 
The adjacent strake to thé reinforced shaped stem plating of 
the bulb should be in gécordance with the requirements for 
shell plating. 


7.5.5 Where the ice belt region the radius of the stem or 
bulb front plating is large, one or more vertical stiffeners are to 
be fitted in ofJer to meet the section modulus requirement of 
7.7.2. In addition, vertical ring stiffening will be required for the 
bulb. 


7.5.6 The dimensions of the stem may be tapered to the 
requirements of Ch 5,3.3 at the upper deck. The connections of 
e shell plating to the stem are to be flush. 


7.6.1 Where the screwshaft diameter exceeds the Aule 
diameter, the propeller post is to be correspondingly stréngth- 
ened, see Ch 6,7. 


7.7 Rudder and steering arrangementé 


7.7.1 Rudder scantlings, posts, ruddeyMorns, solepieces, 
rudder stocks, steering engine and/pintles are to be 
dimensioned in accordance with Chapters 6 and 13 as 
appropriate. The speed used in the£alculations is to be the 
maximum service speed or that givgn in Table 9.7.3, whichever 
is the greater. When used in assofiation with the speed given in 
Table 9.7.3, the hull form factor and the rudder profile 
coefficients are to be taken 96 1,0. 


Table 9.7.2 Longitudinal distribution factor op 


Op 


Ice Class 


Midship 


0,95 
0,86 
0,71 
0,53 


Table 9.7.3 


20 


Minimum speed 


7.7.2 For double plate rudders, the minimum thickness 
of plating and horizontal and vertical webs in the main ice belt 
zone is to be determined as for shell plating in the aft region. 
For the horizontal and vertical webs the corrosion-abrasion 
increment, c, need not be added. For Ice Class 1D, the 
minimum thickness of plating and webs, of double plate 
rudders and the extent of application are to be determined as 
for those in Ice Class 1C FS. 


7.7.3 Where an ice class notation is included in the class 
of a ship, the nozzle construction requirements, as defined in 
Table 13.3.1 in Chapter 13, are to be upgraded to include 
abrasion allowance as follows: 


Ice Class Thickness increment 
1AS FS 5mm 
1A FS 4mm 
1BFS 3mm 
1C FS 2mm 
1D 2mm 


However, the thickness of the shroud plating is not to be less 
than the shell plating for the aft region taking frame spacing s 


sO 


solepiece associated with the nozzle are to be increased on 
the basis given in 7.7.1. However, the diameter of the nozzle 
stock is to be not less than that calculated in the astern 
condition taking the astern speed as half the speed given in 
Table 9.7.3 or the actual astern speed, whichever is the 
greater. 


7.7.5 Nozzles with articulated flaps will be subject to 
special consideration. 


7.7.6 For the ice classes 1AS FS and 1A FS the rudder 
stock and the upper edge of the rudder shall be protected 
against ice pressure by an ice knife or equivalent means. The 
ice knife is to extend down to the ice light waterline; this 
requirement may be waived where this would lead to 
impracticable ice knifes, e.g. for ships with large draught 
variations. 


7.7.7 For the ice classes 1AS FS and 1A FS due regard 
is to be paid to the excessive load caused by the rudder 
being forced out of the midship position when backing into an 
ice ridge. When vessels are intended to operate with 
significant time in astern operation, then the hull strength is to 
be based on the method used in the forward region, however 
due consideration may be given to the anticipated power in 
this mode of operation. 


7.7.8 Relief valves for hydraulic pressure are to be 
effective, see Pt 5, Ch 19,3.3. The components of the rudder 
steering gear are to be able to withstand the yield torque of 
the rudder stock, see Pt 5, Ch 19,3.2.2. Rudder stoppers 
working on the rudder blade or rudder head are to be fitted. 


a Section 8 
Strengthening requirement¢ for 
navigation in multi-year ige 
conditions 


8.1 Ice Class notations 


8.1.1 Where the requirementg of this Section are 

complied with, the ship will be elig/le for the addition of the 

term ‘Icebreaking’ to the ship typé notation, e.g. ‘Icebreaking 

Bulk Carrier’, ‘lcebreaking Taker’, etc. In addition, one of 

the following special features/notations will be assigned: 

(a) Ice Class AC1: The féquirements for the assignment of 
this class are intengéd for ships designed to navigate in 
Arctic or Antarcti¢Ace conditions equivalent to unbroken 
ice with a thicknéss of 1,0 m. 

(o) Ice Class ACJ,5: The requirements for the assignment 
of this classfare intended for ships designed to navigate 
in Arctic/or Antarctic ice conditions equivalent to 
unbrokgf ice with a thickness of 1,5 m. 

(c) Ice CJAss AC2: The requirements for the assignment of 
this£lass are intended for ships designed to navigate in 
Agétic or Antarctic ice conditions equivalent to unbroken 
fe with a thickness of 2,0 m. 
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this class are intended for ships designed to navigate/n 
Arctic or Antarctic ice conditions equivalent to unbroken 
ice with a thickness of 3,0 m. 


8.2 Application 


8.2.1 The requirements of this Section apé formulated on 
the assumption that ships having Ice Class/AC notations will 
be longitudinally framed at the uppermgét continuous deck 
and at the bottom. Alternative propgéals will be specially 
considered. 


8.2.2 The vertical extent of icé strengthening is related to 
the Ice Load Waterline or Deepest Ice Operating Waterline 
and the Ice Light Waterline ag defined in 8.3. The maximum 
and minimum ice class drayghts at both the fore and aft ends 
will be stated on the Clas Certificate. 


8.3 Definitions, see Fig. 9.8.1 


8.3.1 The Ace Load Waterline corresponds to the 
Freshwater Léad Line in summer as defined by the 1966 
Internationof Load Line Convention. 


8.3.2 A Deepest Ice Operating Waterline which differs 
from fie Ice Load Waterline may be specified, where specially 
reqfested, and would correspond to the deepest condition in 
wich the ship is expected to navigate in ice. 


8.3.3 The Ice Light Waterline is that corresponding to the 
lightest condition in which the ship is expected to navigate in 
ice. 


8.3.4 The Ice Load Waterline, the Deepest Ice Operating 
Waterline and the Ice Light Waterline should be indicated on 
the plans. For navigation in certain geographic areas, the 
relevant National Authority may require the maximum Ice 
Class draught to be marked on the ship in a specified manner. 


8.3.5 For the purpose of defining the standard of ice 
strengthening required, which is dependent upon longitudinal 
and vertical position, the hull is divided longitudinally into three 
regions designated bow section, mid-body section and stern 
section. Each section is further subdivided in its depth so that 
the bow section contains the lower bow area, main bow area 
and that part of the upper transition area in way, the mid-body 
section contains the lower transition area, main mid-body area 
and that part of the upper transition area in way and the stern 
section contains the stern area and that part of the upper 
transition area in way. These divisions are shown in Fig. 9.8.1 
and further defined in 8.3.6 and 8.3.21. 


8.3.6 The bow section is that region between the forward 
boundary of the mid-body section and the stem, see also 
8.3.9. 


8.3.7 The mid-body section has its aft boundary a 
distance S forward of the A.P. and its forward boundary, 
except as provided by 8.3.9, a distance F aft of the F.P. The 
distances F and S are given in Fig. 9.8.1. 


8.3.8 The stern section is that region between the stern 


ateetan -e So BeGy OF: 
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Stern section Mid-body section Bow section 
a ol | 
UT S 
ie © JAW UT AW la F x UT 
| i 
y 
G ` à - - 4 f - ILWL 
i 7  —- ILtWL 
A A 
l l 
AP 
BW Bok oo E 
LT 00) B 
ILWL = Ice Load Water Line or 
Deepest Ice Operating Waterline 
ILtWL = Ice Light Waterline 
BbL = Bilge Boundary Line 
H | AW | BW] U LT C E F S 
trate cm | cm | cm cm | cm | %L | %L | %L 
TLL LT ain mid-body areas 
Ice Class | 200 | 180 | 250 50 | 70 | 180 | 2,5 | 30 | 20 
RX Qi sien area a 
V/LL// Main bow area ries 300 | 240 | %75 | 75 | 110] 240 | 2,5 | 30 | 20 
Lower transition area 
re 400 | 396 | 500 | 100 | 150 | 300 | 2,5 | 30 | 20 
Lower bow area 
Upper transition area saree 6007 515 | 850 | 170 | 260 | 515 | 2,5 | 30 25 


Fig. 9.8.1 


8.3.9 Where the shoulder of the ship consists of a 
pronounced hard chine, this may be taken as the basis of th 
boundary between the bow and mid-body sections of the hAl. 
This chine may be in the form of a reamer or of a knucklef/ine. 
In the latter case, an overlap of the bow section beyod this 
line by the lesser of 0,04L or 5 m may be necessary, 


8.3.10 |The main bow area is part of the bow/section and 
extends vertically above the keel to a line a distance, H, above 
the Ice Load Waterline or Deepest Ice Opergting Waterline, if 
applicable, at the F.P., and a distance AW Above these water- 
lines at the main mid-body area, but neeg not include the area 
defined as lower bow area. 


8.3.11 
section and extends vertically fr 
the Ice Light Waterline to a li 
Load Waterline or Deep 
applicable. The distance 


The main mid-body arga is part of the mid-body 
a line a distance BW below 

a distance AW above the Ice 
t Ice Operating Waterline, if 
W and AW are given in Fig. 9.8.1. 


8.3.12 Thestern ayfa is part of the stern section. It has its 
upper edge a distayfce AW above the Ice Load Waterline or 
Deepest Ice Operating Waterline at its fore end and a distance 
C above these Waterlines at the A.P. The lower edge of the 
stern region & a distance (BW + LT), below the Ice Light 
Waterline. / The distances AW, C and LT are given in 
Fig. 9.8.Y 


Regions and zones ( 


Iti-year ice conditions) 


8.3.13 The main ice belt zone comprises the main bow 
area, main mid-body area and stern area. 


8.3.14 | The upper transition area extends a distance, UT, 
above the main ice belt zone. 


8.3.15 The lower transition area is part of the mid-body 
section. Aft of amidships, it extends below the main mid-body 
area by a distance LT. Forward of amidships, its lower edge 
is a line drawn from a point a distance LT below the main mid- 
body area at amidships to the junction of the bilge boundary 
line with the aft end of the main bow area. 


8.3.16 The lower bow area is that part of the bow section 
below the main bow area. Its upper edge is a line drawn from 
a point at the aft end of the bow section set a distance BW 
below the Ice Light Waterline to a point on the keel line set a 
distance E aft of the bow line’s departure from the level keel 
line. 


8.3.17 — The lower transition area need not extend below the 
bilge boundary line by more than the value of LT (see 
Fig. 9.8.1) measured around the circumference of the bilge. 


8.3.18 The Ice Belt comprises the main Ice Belt Zone 
together with the lower bow area and the upper and lower 
transition areas. 


8.3.19 Displacement, A, is the displacement in tonnes at 
the Ice Load Waterline, or Deepest Ice Operating Waterline, if 
applicable, when floating in water having a relative density of 
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sHe 
shaft power in kW (horsepower) for which the machinery is 
classed, see Pt 5, Ch 1,3 and Pt 5, Ch 9,1.3. 


8.3.21 Bilge boundary line is that line which in elevation is 
parallel to the keel and at amidships is coincident with the 
upper turn of bilge. 


8.4 Arrangement 


8.4.1 The ballast capacity of the ship should be sufficient 
to give adequate propeller immersion in all ice navigating 
conditions. It is anticipated that the propeller tips at their 
highest point will not be closer to the Ice Light Waterline than 
the distance given in Table 9.8.1. 


Table 9.8.1 Propeller tip minimum distance 


Ice Light Waterline 
Class Propeller tip minimum distance, 
in metres 


Ice Class AC1 3,0 
Ice Class AC1,5 3,75 
Ice Class AC2 4,5 
Ice Class AC3 6,0 


8.4.2 It is recommended that the minimum draught at the 
fore-end should be not less than: 


T = (1.5+0,14fa)h m 


where 
h 


the nominal ice thickness, in metres, associated yfith 
the desired Ice Class notation, see 8.1. 
A = displacement as defined in 8.3. 


8.4.3 All wing ballast tanks adjacent to the shéll are to be 
supplied with heating pipes. All deck machiyfery such as 
mooring winches, windlass and essential partsof ice manage- 
ment systems, etc., should be equippeg/with an efficient 
de-icing system. 


8.4.4 The bow should be such agto break ice effectively. 
The rake of stem should, in generale less than 30° relative to 
the horizontal for Ice Classes AC/é, AC2 and AC3. Apart from 
spoon shaped bow forms, the ghtry angle of the portion of the 
fore-body below the deepesfice waterline should not exceed 
30°. Bulbous bows are ngt to be fitted to ships having Ice 
Class AC notations. 


8.4.5 Where flaré of the side shell amidships is proposed, 
it is recommendegthe slope of the side should be at least 8°. 


8.4.6 For ghips provided with a heel inducing system, it is 

recommengéd that the depth of the ship is such that 

immersioy of the deck edge does not occur when the ship, 

whilst fOéating at the Ice Load Waterline or Deepest Ice 

Opergting Waterline as applicable, is heeled to an angle of 5° 

greater than the nominal capacity of the system or 15° 
ichever is the greater. 
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sloped inboard and efficiently supported by transverse stafs 
spaced at no more than 1,5 m, see also Ch 8,5. 


8.4.8 The aft body of icebreaking ships shoulg have a 
form such that broken ice is effectively displaced. 


8.4.9 Where it is desired to make provisio#’for close tow- 
push operations, the bow area should be syftably reinforced. 
Similarly, it is recommended that suitable /einforcements are 
arranged in way of the stern fork. 


8.5 Longitudinal strength 


8.5.1 The section modulfs at deck and keel of vessels 
having Ice Class AC notatigns is to be increased above that 
required in Pt 3, Ch 4,5fo0 take account of beaching and 
dynamic impact loagé during ice-breaking operations. 
Relevant calculationsAre to be submitted. For initial structural 
design guidance, te minimum required section modulus of 
ice-breaking shigé would normally be expected to be greater 
than: 


Zact =K min 
where K ig a modulus amplification factor depending on L as 
follows; 


(m) K 
50 1,80 
75 1,58 
100 1,45 
150 1,30 
200 and over 1,20 


The midship scantlings of the main longitudinal members are 
to be maintained between 0,2L aft of amidships and 0,3L 
forward of amidships. However, these scantlings are to extend 
to at least B/3 forward of the position of the maximum bend- 
ing moment obtained from the simulated beaching calculations 
carried out in the structural design of these ships. The posi- 
tion of this maximum bending moment is to be indicated on 
the submitted plan. The corrosion-abrasion increment required 
for the shell plating given in Table 9.8.5 is not to be included in 
the calculation of the actual modulus. 


8.5.2 __ The maximum permissible still water bending 
moment IM, | which can be assigned to ships having Ice Class 
AC notations is as follows: 
(a) Non-lce-transiting voyages: 
IM. is to be calculated from Ch 4,5.4. 
(b) Ice-transiting or partially Ice-transiting voyages: 
IM, is to be taken as 95 per cent of the value 
calculated from Ch 4,5.4, taking Fg = 1,0 and Fp as 
calculated from Ch 4,5.6. 


8.6 Bulkheads 


8.6.1 Bulkheads are to be arranged in accordance with 
the requirements given in Table 9.8.2, see also Ch 3,4. 


8.6.2 It is recommended that vertically stiffened trans- 
verse bulkheads are fitted with additional horizontal stiffening 


Part 3, Chapter 9 


Transverse 
bulkheads(") (2) 
maximum spacing 


Longitudinal 
bulkheads minimum 
requirements 


1 - fwd. 0,411) 


Double skin for 
length of ship 


Double skin for 
length of ship! 
plus 
1 — fwd. 0,411 

Double skin for 
length of ship‘) 
plus 
3 - fwd. 0,4L 
1 — aft 0,6L 


Class 


Ice Class AC1 
Ice Class AC1,5 
Ice Class AC2 


Lesser of 0,14L 
or 40 m 


Ice Class AC3 


NOTES 


1. May be watertight or non-watertight. 

2. In the case of ships intended to navigate in Canadian Arctic 
waters attention is drawn to the requirements of the Arctic 
Shipping Pollution Prevention Regulation C353 in respect to sub- 
division standards. 

The minimum width of the side tanks formed by the double skin 
should not be less than 1,2 m and the vertical extent of these 
tanks should be at least up to the bulkhead deck. 

4. Itis recommended that double skin is also adopted for this Class. 


8.7 Bottom structure 

8.7.1 The maximum spacing of floors should not exceed 
2(650 + 1,667L) or 1700 mm whichever is the lesser. The 
maximum spacing of side girders in the double bottom should 
not exceed 1,6 m. Special consideration will be given to ships 
having deep draughts. 


8.7.2 Ships designed to operate in ice conditions a 
shallow draught, i.e. at a draught less than indicated by 8.422, 
will require additional strengthening of bottom shell strugture 
forward. Spacing of floors forward for such ships shold not 
exceed 1,0 m. Bottom shell and bottom shell longitupnals will 
be specially considered. The spacing of side girdefs forward 
should not exceed 1,4 m. 


8.8 Powering of ships intended to/operate in 
multi-year ice conditions 
8.8.1 The total shaft power instgled in icebreaking ships 


intended to operate in Canadian AyCtic regions should be not 
less than that required by the/Canadian Arctic Shipping 
Pollution Prevention Regulayons. For other regions, the 
minimum power is to be notfess than that obtained by 8.8.3 
taking the ship’s speed as/ knot. 


8.8.2 Ships intended to operate in multi-year ice 
conditions should, if general, be able to develop sufficient 
thrust to permit coftinuous mode ice-breaking at a speed of 
five knots assuring the ice thickness related to the required 
Ice Class AC nétation as given in 8.1. Snow cover should be 
assumed to fe at least 0,3 m. 
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the basis that the power necessary to provide the indepen- 
dent icebreaking capability described in 8.7.2 cay be 


determined by the equation: 
P (H41) = Co C1 C2 C3 (240B h (1 +h + 0,035v2) 
70S,V LX kW (shp) 


where 
h = ice thickness for desired Ice Class ÆC notation, see 
8.1 
v = ship speed (knots) when breakigg ice of thickness h 
Co = 0,736 (1,0) 
a 1,2B 
= A 
but to be taken as nøt less than 1,0 
C> = 0,9 if ship fitted yfth controllable pitch propeller, 
otherwise 1,0 
Cz = 0,9 if the rake 4f stem is 45° or less, otherwise 1,0. 
The producYC, Cz is not to be taken as less than 
0,85 
S = depth o¥snow cover, in metres 
A = displagement as defined in 8.3.19. 
8.8.4 The Ze strengthening requirements set out in 8.9 to 


8.15 inclugé a power-displacement correction factor which is 
to be dexermined as follows: 
(a) Bé4w section 

= (0,88 + 0,0103f — 2,232f2 x 10-4) (1 +A (F-1)) 
(bY Stern and mid-body sections 


y = 0,7 + 0,00924f- 2,134f2 x 10-4 
where 
f =A PaA x 10-3 (=0,8584/ Hy A x 10-5) 
but is not to be taken greater than 22 
A = 0,1 for shell plating 
= 0 for frames, stringers and web-frames 
F = ratio of installed power Pp (Hp) to the power P,(H;4) 


calculated in accordance with 8.8.2 and 8.8.3 but is 
not to be taken as less than 1,0 
and Po, Ho, A are defined in 8.3.19 and 8.3.20. 


8.9 Shell plating 


8.9.1 In way of the Ice Belt, the thickness of the shell plat- 
ing is not to be less than: 


P 
t = 0,58 O BY So +c mm 


in association with transverse or longitudinal framing, 
where 


c = corrosion-abrasion increment as given in Table 
9.8.5 
p = design ice pressure for each Ice Class as given in 
Table 9.8.4 
s = frame spacing between adjacent frames, in mm 
@p = longitudinal distribution factor dependent upon Ice 
Class AC notation and longitudinal position as given 
in Table 9.8.3 
B = vertical distribution factor dependent on vertical 
position as given in Table 9.8.6 
y = power-displacement factor as defined in 8.8.4 
6, = specified minimum yield stress of steel in N/mm2 


(kgf/mm2). For mild steel, the value of 235 N/mm? 
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side between the span points. For definition Af 
span points, see Ch 3,3.3. Where adjacent pain 
and intermediate frames have different end cgnnec- 


tions, resulting in different spans, a mear/value is 


Ice Class AC1 to be used 
Pin con p =the ice pressure dependent upon/ce bearing 
Ice Class AC3 height, ho, as given in Table 9.8.10 
S, ©ọ = as defined in 8.9.1 
o = longitudinal distribution factorAdependent on ice 
bearing height, ho, and longitudinal position as 
Table 9.8.4 Design ice pressure p given in Table 9.8.8 
B = vertical distribution factg/ on vertical position and 
Class Design ice pressure, p given in Table 9.8.9 
N/mm? (kgf/mm?) y = as defined in 8.8.4. 
Ice Class AC1 5,89 (0,60) 
Ice Class AC1,5 5,40 (0,55) 
Idea cna a — Da Table 9.8.7 Ice béaring height h, 


Ice bearing height, ho 
m 


,0 


Table 9.8.5 Corrosion-abrasion increment c Less than 1,5 


J 
1,5 <1< 2,2 1 


Class Corrosion-abrasion increment, c (mm) 


,5 
2,2<51<4 2 
3 


4 or greatg 


Ice Class AC1 5 
Ice Class AC1,5 6 
Ice Class AC2 7 
Ice Class AC3 9 


ho inot to be taken greater than the value of ice thickness, h, 
implied by the Ice Class AC notation. 


Table 9.8.6 Vertical distribution factor B Table 9.8.8 Longitudinal distribution factor o, 


Ot 


Vertical position Ice bearing height, ho 


m Mid-body 


Main ice belt zone 


1 or less 0,8 

15 0,76 
2 0,73 
3 or greater 0,69 


Upper transition area: 


Above main bow area 


Above main mid-body area 
Above main stern area 


Lower transition area 


Table 9.8.9 Vertical distribution factor B 
Lower bow area 


Vertical position 


Main ice belt zone 

Upper transition area 
8.10 Transverse framjng Lower transition area 

Lower bow area 


8.10.1 The section Modulus of main and intermediate 
transverse frames in yay of the ice belt (including a width of 
attached plating equal to s) is to be not less than that 
determined in acgérdance with the following: 

psho 


Table 9.8.10 Ice bearing height h, 


Z = 40 3/2 —h,2) cms Ice bearing height, h p 
ABY Ta, l o?) m i N/mm? (kgf/mm?) 
where 1,0 or less 5,89 (0,6) 
h as defined in 8.7.3 1,5 5,40 (0,55) 
h./ = ice bearing height, dependent upon the span /, as 2,0 4,91 apt 


3 or greater 3,92 (0,40) 


given in Table 9.8.7 but is to be taken as not 
greater than the design ice thickness h or the span 


7 y a 
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and intermediate frames is to be not less than determined in 
accordance with the following formula: 


D 
I 


130; B YA oa cm2 


where 

= ice bearing height to be taken as equal to the span, 
I, but is not to be taken as greater than the design 
ice thickness for the desired Ice Class as given in 
8.1 

design ice pressure dependent upon ice bearing 
height, ho, as given in Table 9.8.10. Linear interpo- 
lation is to be used for intermediate values of ho 
longitudinal distribution factor dependent on ice 
bearing height, họ, and longitudinal position as 
given in Table 9.8.8. Linear interpolation is to be 
used for intermediate values of ho 

l, B as defined in 8.10.1 

S, ©, as defined in 8.9.1 

y as defined in 8.8.4. 


OK = 


8.10.3. The main and intermediate frames of the main ice 
belt zone, having scantlings as required by 8.10.1 and 8.10.2, 
should be extended to the first primary longitudinal member 
above or below this zone. The end connections of these 
frames to the primary longitudinal members are to be 
bracketed. Where the side frames are flat bar sections, they 
may be extended through the primary longitudinal member, 
suitably tapered and butt welded to the flat bar side frames 
required for the upper and lower transition areas. 


8.10.4 The main and intermediate frames of the upper 
transition and lower transition areas, having scantlings as 
required by 8.10.1 and 8.10.2, should be extended, in thg 
case of the upper transition area, to the first primary member 
above this area and for the lower transition area continugd to 
the double bottom and/or margin plate as applicable. Ahese 
frames should be effectively bracketed to the frrimary 
longitudinal member. 


8.10.5 In the context of 8.10.3 and 8.1%4, a primary 
longitudinal member is defined as either a deck, deep tank 
top, or ice stringer complying with 8.13. 


8.10.6 The intermediate frames negd not extend beyond 
the limits defined in 8.10.4 provided/that, in the case where 
the primary longitudinal member isan ice stringer, a suitable 
extension bracket is fitted. 


8.11 Longitudinal framing 

8.17.7 The section Modulus of longitudinal frames (includ- 
ing a width of attacyed plating s) is to be not less than that 
determined in accgrdance with the following: 


Z = 56a ysi? & cms 
Oo 
l = pan of longitudinal, in metres, determined in 


accordance with Ch 3,3.3 
p 5,89 (0,60) 
S longitudinal frame spacing, in mm 
longitudinal distribution factor 
Table 9.8.11 


as given in 


Bi = 


12 


Class 
Mid-body 


All ice classes 0,8 


Table 9.8.12 


Y 


Upper transition area: 


Vertical distribution factor B 


Above main bow area 
Above main mid-body areg 
Above main stern area 


Lower transition area 


Lower bow area 


B = vọoftical distribution factor as given in Table 9.8.12 
¥,0, = J as defined in 8.8.4 and 8.9.1. 
8.17. The cross-section shear resisting area of longitudi- 


nal frames is to be not less than that determined in 
agZordance with the following: 


p 
A = 18a,Bysl So cm? 
where 
oy, B, Z, p, s are defined in 8.11.1 
©% is defined in 8.9.1 


yis defined in 8.8.4. 


8.12 Framing - General requirements 

8.12.1 In general, the web thickness of frames within the 
ice belt is to be not less than half that of the attached shell 
plating and the depth to thickness ratio for flat bar frames and 
longitudinals not greater than 15. 


8.12.2 Where a frame intersects a boundary between two 
hull sections, the scantling requirements applicable will be 
those for the bow section, if the boundary between the bow 
and mid-body sections is intersected, or those for the stern 
section, if the boundary between the stern and mid-body 
sections is intersected. 


8.12.3 Main and intermediate frames within the ice belt are 
to be efficiently supported to prevent tripping as shown in 
Fig. 9.7.6. The distance between anti-tripping supports is not 
to exceed 1,0 m. 


8.12.4 Frames within the ice belt are to be attached to the 
shell plating by double continuous welding and are not to be 
scalloped except in way of shell butts. 


8.12.5 The effective weld area attaching frames to primary 
members is to be not less than the shear area for the frames 
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thickness of the plating adjacent to the shell is to be not less 
than that of the web of the adjacent frame. This increased 
thickness should extend for a width sufficient to give an area 
equal to that required for such frames. 


8.13 Primary longitudinal members supporting 
transverse ice framing 
8.13.1 The section modulus of ice stringers or of decks 


adjacent to hatchways, including a width of attached plating 
determined in accordance with Ch 3,3.2, and taken about an 
axis perpendicular to the web, is to be not less than that given 
by: 


Z = 167000872 S/2 = cm8 
Oo 
where 
l = span of member, in metres, measured between 
span points but is to be taken as not less than 1,6 m 
p = design ice pressure for desired Ice class as given in 
Table 9.8.4 
S = spacing of primary longitudinal members, in metres, 
but need not be taken as greater than h, the 
nominal ice thickness for desired Ice Class as given 
in 8.1 
Q = longitudinal distribution factor as given in 
Table 9.8.13 
B = vertical distribution factor as given in Table 9.8.14. 


and y, ©, as given in 8.8.4 and 8.9.1. 


Table 9.8.13 Longitudinal distribution factor 94 


Class 


Ice Class AC1 
Ice Class AC1,5 
Ice Class AC2 
Ice Class AC3 


Table 9.8.14 Vertical distribution factor B 


Vertical positio 


Main ice belt zone 


Løwer bow area 
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stringers or of decks adjacent to hatchways is to be not leés 
than that determined in accordance with the following: 


ecHtonarsrea nmo-a 


A = 30000,By2S/2 = cms 
[0] 


where 
Qo, B, /, p and S are defined in 8.13.1 
Y, Oo are defined in 8.8.4 and 8.9.1. 


8.13.3 Primary longitudinal members/supporting tranverse 
frames should normally be arrange@ so that the maximum 
deviation of their webs from the perpendicular to the shell 
plating does not exceed +20 degrees. Arrangements based 
on horizontal side stringers Will be acceptable only if the 
section modulus is relateqfo the axis parallel to the shell 
plating and brackets extexding the full depth of the web are 
arranged at every transyerse frame. 


8.13.4 In all cgées, the transverse frames are to be 
attached to the £e stringers by flat bars extending the full 
depth of the wéb of the primary longitudinal member. These 
flat bars shofld be fitted to both sides of the primary longitu- 
dinal mener in vessels having designations Ice Class AC2 
and AC. 


8.12.5 The minimum thickness of the web plating of 
IQAgitudinal primary members is to comply with the require- 
ments of Ch 10,4. 


8.14 Web frames 

8.14.1. The section modulus of web frames supporting ice 
stringers or longitudinal ice frames, including a width of 
attached plating determined in accordance with Ch 3,3.2 and 
taken about an axis perpendicular to the web, is to be not less 
than that given by: 


Z = 8300 o, By SÈ h, (312-h,2) cm3 
loo 
where 
h = nominal ice thickness for desired Ice Class as given 
in 8.1 
h, = ice bearing height, in metres, to be taken as equal 
to the ice thickness h but is not to exceed the 
span | 
l = web frame span, in metres, measured along a 
chord at side between span points but is to be 
taken as not less than 2 m. For definition of span 
points, see Ch 3,3.3 
p = design ice pressure as given in Table 9.8.10 
S = web frame spacing, in metres 
Q = longitudinal distribution factor as given by 
Table 9.8.13 


= vertical distribution factor as given by Table 9.8.14 
Y, Op are defined in 8.8.4 and 8.9.1. 
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frames supporting ice stringers or longitudinal ice frames is to 
be not less than that determined in accordance with the 
following: 


Carex or wep 


A = 30000,B¥%Sh, A cm2 
e 


where 
Qo B, S, p and h, are defined in 8.14.1 
Y, Oo are defined in 8.8.4 and 8.9.1. 


8.14.3. The thickness of the web plating of web frames 
below the upper deck level is to be not less than one per cent 
of the web depth or the thickness given in Table 9.8.15 
whichever is the greater, see also 8.14.6. 


Table 9.8.15 Web frame thickness 


Minimum web thickness of 
web frames 
mm 


12 
15 
18 
20 


Class 


Ice Class AC1 


Ice Class AC1,5 
Ice Class AC2 
Ice Class AC3 


8.14.4 | The minimum thickness of the face flat attached to 
the web frame is to be not less than 10 mm greater than the 
minimum web thickness as given by 8.14.3 and the minimum 
width of the face plate should be not less than 15 per cent of 
the web depth. 


8.14.5 The spacing of tripping brackets supporting Web 
frames should not exceed 2 m in the main ice-belt zoné and 
2,5 m elsewhere. 


8.14.6 Where longitudinal frames pass thyough web 
frames, watertight or non-watertight bulkheads Ahe thickness 
of these members, adjacent to the shell platjfg, is to be not 
less than 60 per cent of the thickness of thé longitudinals. 


8.14.7 The longitudinal frames shouJ4 be connected to the 
web frames by a flat bar extending We full depth of the web 
frame. In the case of Ice Class ACY,5, Ice Class AC2 and Ice 
Class ACS, this connection shguld be effected by double 
brackets. 


8.15 Stem 


8.15.1 The stem jé to be made from rolled, cast or forged 
steel or of shaped Ateel plates. 


8.15.2 
than: 


The flate thickness of a plate stem is to be not less 


t =/0,58 O BY +c mm 


P 
Oo 
wherg 

Qp: B, Y; So, P, C are defined in 8.9.1 


14 


= —petwee Onzontar wep 


diaphragm plates having a thickness of at legét 
O,5t. 


8.15.3 The thickness of the stem plate is to be fot less 
than 1,1 times the thickness of the adjacent plating M the bow 
section as determined by 8.9.1. 


8.15.4 Where a forged or cast steel Atem profile is 
incorporated, the extent of the ice reinfgrced profile is to 
extend to at least the upper edge of the ySper transition zone. 
The connection of the shell plating to Me stem is to be flush. 
Similar requirements apply to weldeg stem constructions. 


8.15.5 |The stem should exteyd to the forefoot ice arrester 
structure. Ice arresters are regommended for all ships having 
Arctic Ice Class AC notationg to prevent riding up of the bow 
and submergence of the oftermost deck edge. 


8.16 Stern 

8.16.1 Wherg’the screwshaft diameter exceeds the Rule 
diameter, thg propeller post is to be correspondingly 
strengthened, see Ch 6,7. 


8.16.2 / A transom stern should not normally extend below 

the lcg Load Waterline. Where this cannot be avoided, the 

tranéom should be kept as narrow as possible and the 

sgantlings of plating and stiffeners are to be as required for 
e stern section. 


8.16.3 Where special provision is made in the stern area 
of the vessel for close tow-push operations, the fork structure 
should be of sufficient strength to transmit the applied forces. 


8.17 Bossings and shaft struts 
8.17.1 Shaftings and sterntubes of ships with two or more 
propellers are to be enclosed within plated bossings. 


8.18 Rudder, steering arrangements and nozzles 
8.18.1 In general, spade rudders are not to be fitted on 
ships employed in Arctic or Antarctic operations. 


8.18.2 Rudder posts, rudder horns, solepieces, rudder 
stocks and pintles are to be dimensioned in accordance with 
Chapter 6 or Chapter 13 as appropriate. The speed used in 
the calculations is to be the maximum service speed or that 
given in Table 9.8.16, whichever is the greater. However, the 
section modulus of the solepiece calculated in accordance 
with the above need not be greater than three times the 
section modulus of solepiece calculated in accordance with 
Ch 6,7 using the maximum service speed. 


8.18.3 For double plate rudders, the minimum thickness 
of plates and horizontal and vertical webs in the main ice-belt 
zones is to be determined as for the shell plating in the stern 
area, as required by 8.9.1. Horizontal and vertical webs, 
however, need not include the corrosion abrasion increment 


Minimum speed knots 


22 
23 
24 
26 


Ice Class AC1 


Ice Class AC1,5 
Ice Class AC2 
Ice Class AC3 


8.18.4 |The rudder head and upper edge of the rudder are 
to be efficiently protected against ice impact, when the ship is 
backing into ice, by a robust ice knife. The thickness of the 
boundaries of this ice knife structure is to be not less than that 
of the rudder side plating. The width of the ice knife should 
exceed the maximum width of the rudder by five per cent. 


8.18.5 Fixed nozzles are to be effectively integrated into 
the aft end structure. Where a twin screw nozzle arrangement 
is fitted, a heavy skeg is to be arranged in front of each nozzle. 
For such an arrangement it is considered advisable to keep 
the distance between the nozzles to a minimum in order to 
restrict ice flow between the nozzles. The head box structure 
should contain a dense grillage of longitudinal and transverse 
plate girders. Particular attention is to be paid to all structural 
details and especially the connections between the nozzle and 
the solepiece. Freely suspended nozzles are not 
considered suitable for icebreaking duties. 


8.18.6 The nozzle construction requirements of Table 13.3.1 
in Ch 13,3 should be upgraded for ships having Ice Class AC 
notations to include the abrasion allowance given i 
Table 9.8.17. However, the thickness of the shroud platjg 
is to be not less than the shell plating in the stern arg@ as 
determined by 8.9.1 taking the frame spacing, s, as 390 mm, 
but need not exceed 45 mm. 


Table 9.8.17 Abrasion allowance 


Class Abrasfon increment 


Ice Class AC1 


Ice Class AC1,5 
Ice Class AC2 
Ice Class AC3 


8.18.7 The scantling/of nozzle stock, gudgeon, pintles, 
solepiece, etc., deteYmined in accordance with Ch 13,3, 
should be increase on the basis of 8.17.2. However the 
diameter of the Aozzle stock is to be not less than that 
calculated in thg astern condition taking the astern speed as 
half the speeYgiven in Table 9.8.16 or the actual stern speed, 
whichever ig the greater. The allowable stresses to be used in 
the calcyfation of nozzle stock diameter are to be taken as: 

cémbined stress at lower bearings < 85 N/mm? 

(8,7 kgf/mm?) 
torsional stress in upper stock < 55 N/mm2 
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from 8.18.7 is to be not less than that determined An 
accordance with the following: 
Z =CZ, cms 

where 

Z, = modulus of the solepiece calculated ug¢ng the Rule 

stress given in Ch 13,3 

C = see Table 9.8.18 
For the ahead condition, the maximum serfice speed is to be 
used and for the astern condition, thg greater of half the 
maximum service speed or the asternfpeed. 


Table 9.8.18 


Values of C 


Class 


Ice Class AC1 
Ice Class AC1,5 
Ice Class AC2 
Ice Class AC3 


8.18.9 
special gOnsideration. 


KMozzles with articulated flaps will be subject to 


8.1%10 Where the nozzle numeral as per Table 13.3.1, in 
Cfapter 13, exceeds 400 an analysis of the nozzle structure 
Should be carried out including appropriate simulation of ice 
impact loading. 


8.18.11 Itis advisable to verify that the natural frequency of 
the nozzle arrangement immersed in water is well removed 
from the excitation frequencies. 


8.18.12 Due regard is to be paid to the method of securing 
the rudder in the centreline position when backing into ice. 
Where possible, rudder stoppers working on the blade or 
rudder head should be fitted. 


8.18.13 Ships having Ice Class AC notations are, in addition 
to the main steering gear, to be fitted with auxiliary steering 
gear capable of being readily connected to the tiller, see also 
Pt 5, Ch 19. In the case of twin rudders operated by a single 
steering gear, there is to be provision for each rudder to be 
readily disconnected and secured. 


8.18.14 The main steering gear of ships having Ice Class AC 
notations shall be fitted with a shock absorbing device and be 
capable of moving the rudder from 35° on one side to 30° on 
the other side in 6,56L seconds or 28 seconds, whichever, 
is the lesser when the ship is fully loaded and travelling at her 
maximum service speed. 
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8.19.1 If, as an alternative to the requirements of 8.127 and 


8.13, the scantlings of primary longitudinal members ¢ 


éVaterline and Ice Light Waterline. 


gth to be located at any height between the Ice Load 


CORRIGENDA 


Strengthening requirements for 
navigation in very light first-yea 
ice conditions 


9.1 General 


9.1.1 These requirements apply to offshore’supply ships, 
as defined in Pt 4, Ch 4, and which are intendéd to operate in 
very light first-year ice conditions. ere additional 
strengthening is fitted in accordance with the requirements of 
this sub-Section, the notation Ice Class A E will be assigned. 


9.1.2 For longitudinally framed ships, the scantlings of 
shell plating and framing are to comply with the requirements 
of Ice Class 1C FS using 0,9 times the ice pressure. The 
requirements for shell plating Meed only be applied in the 
region shown in Fig. 9.1.1. Thg requirements for framing need 
only be applied forward of the flat of side. 


9.1.3 For transverseV framed ships, the requirements of 
9.3 to 9.8 are to be applied. 


9.1.4 Where the/structural requirements of Ice Class 1C FS 
give lesser scantfings than the requirements of this sub- 
Section, the lesser scantlings may be applied. 


9.2 ell plating 


The shell plating thickness within the region shown 


in Fig 9.1.1 is not to be less than: 
2 
t = 21,75s k( = +1)(,3- aoe ae) 
110000 (0,26/s + 1,8)2 


Ice Load Waterline 


Ice Light Waterline 


Flat of side 


Ice Load Waterline and Ice Light Waterline are defined in 7.2 
L, as defined in Ch 1,6.1 
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S = spacing of main frames, in metres 
L and B are defined in Ch 1,6.1 
k is defined in Ch 2,1.2. 


9.3 Transverse framing 


9.3.1 The section modulus of main frames forwa 
flat of side is not to be less than: 


z = 6,085 1k ( Bee + 1,28)(7- +) TE 
140000 21 
but need not be taken as greater than: 
Z = SLT 
where 
S = spacing of main frames, in metres 


l = span, in metres 
L and B are defined in Ch 1,6.1 
k is defined in Ch 2,1.2. 


9.3.2 Intermediate ice frames are to 
forward of the flat of side and are tg 
above the Ice Load Waterline to 1 
Waterline. 


be fitted in the region 
extend from 0,62 m 
below the Ice Light 


9.3.3 Intermediate ice frames dft of the collision bulkhead 
are to have a section modulus npt less than 65 per cent of 
that given in 9.3.1. 


mes forward of the collision 
modulus not less than 40 per 


9.3.4 Intermediate ice frg 
bulkhead are to have a sectig 
cent of that given in 9.3.1. 


9.4 Primary longijudinal members supporting ice 
frames 
9.4.1 Forward of fhe collision bulkhead, in single deck 


ships, an ice stringof is to be fitted approximately 0,25 m 
below the Ice Load Waterline and is to have scantlings in 
accordance with Table 5.4.4 in Chapter 5. 


9.4.2 Aft of fhe collision bulkhead a series of tripping 
brackets are to pe fitted at each main and intermediate frame 
at the same leyel as the ice stringer to a distance 0,1L aft of 
the flat of side. 


9.5 Sternframe and rudder 
9.6.1 The rudder and sternframe scantlings are to be in 
accordgnce with 7.7. However, the ship’s speed need not be 
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Effective date 1 March 2008 


Existing Sections 10 to 13 are to be renumbered 6 to 9. 


Part 5, Chapter 9 


Part 5, Chapter 9 
Strengthening for Navigation in Ice 


Effective date 1 March 2008 


General 


1.1 Class notations 

17s For ships where ice class notation Ice Clasg 1AS 
FS, Ice Class 1A FS, Ice Class 1B FS or Ice Class 1€ FS is 
requested, the requirements of this Chapter, as appligable, in 
addition to the Finnish Swedish Ice Class Rules in foyce at the 
time of contract, are to be complied with. Sectiofi 2 of this 
Chapter replaces Section 6 of the Finnish Swedish Ice Class 
Rules. 


1.1.2 Ships strengthened in accordance with the require- 
ments of Ice Class 1D are not intended for gperation in the 
northern part of the Baltic in the winter seAson. For ships 
where Ice Class 1D is requested, the requiréments of Section 
3 are to be complied with. 


7.1.3 Offshore supply ships strengthened in accordance 
with the requirements of Ice Class 1E/are only intended for 
navigation in very light first-year/ice conditions. The 
requirements of Section 3 are to be cpmplied with. 


1.1.4 For ships where the ice/class notation Ice Class 
1AS FS(+), Ice Class 1A FS(+), Ace Class 1B FS(+) or Ice 
Class 1C FS(+) is requested, th¢ requirements of Sections 2 
and 4 of this Chapter, in additign to the Finnish Swedish Ice 
Class Rules, in force at the/time of contract, are to be 
complied with. The Finnish Swedish Ice Class Rules may be 
obtained from the following Website: 
www.fma.fi 


1.2 Materials for/shafting 
1.2.1 All compongnts of the main propulsion system are 
to be of steel or othef approved ductile material. 


1.2.2 For screwshafts in ships intended for the notation 
Ice Class 1AS FY or Ice Class 1A FS and where the connec- 
tion between thg propeller and the screwshaft is by means of 
a key, Charpy impact tests are to be made in 
accordance wjth the requirements of Ch 5,3.4.12 of the Rules 
for the Manyfacture, Testing and Certification of Materials 
(hereinafter yeferred to as the Rules for Materials). 


1.3 Materials for propellers 

1.3.1 Propellers and propeller blades are to be of cast 
steel gr copper alloys and are to be manufactured, tested and 
certified in accordance with Ch 4,1, Ch 4,5 and Ch 9,1 of the 
Rulgs for Materials respectively. 


1/3.2 For steel propellers, the elongation of the material 
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1.3.3 Cast steel load transmitting components of contrøl- 


minus 10°C and the average energy value is tg be not less 
than 27J. 


7.3.5 Spheroidal cast iron load transmittfng-components 
of controllable-pitch mechanisms are to be manufactured, 
tested and certified in accordance with the requirements of 
Table 7.3.2 in Ch 7,3 of the Rules for Mat¢rials. 


E Section 2 
Ice Classes 1AS FS, 1A FS, 1B FS 
and 1C FS 

2.1 General 

2.1.1 Where the notatfon Ice Class 1AS FS, Ice Class 


1A FS, Ice Class 1B FS/or Ice Class 1C FS is desired, the 
requirements of this Section, in addition to those for open 
water service, are to b€ complied with, so far as these are 
applicable. 


2.2 Determjnation of ice torque 


S 
i 


D2 kN m (tonne-f m) 


21,10 
15,69 


2,15) for Ice Class 1AS FS 
1,60) for Ice Class 1A FS 
= 13,04 (1,38) for Ice Class 1B FS 
= 11,96 (1,22) for Ice Class 1C FS 
= diameter of propeller, in metres. 


a ee igo een 


If the propeller is not fully submerged when the ship 
i$ in ballast condition, the ice torque for Ice Class 1A FS is 


2.3.1 The width, L, and thickness, 7, of propeller blade 
sections are to be determined so that: 
(a) atthe radius 0,25D/2, for solid propellers 


pees 20.48 V00 (27.2 as 2,24m) 
6, (0,65 + 0,7p,/D) NR 
( 72> 2700000 (20 H +22m)) 
6, (0,65 + 0,7p,/D) NR 


at radius 0,35D/2 for controllable pitch propellers 


21 084 300 R 


LT2> (27.2 
6, (0,65 + 0,7p,/D) NR 


+ 2,85!) 


(. S 2 150 000 (20 Hs + 23m) ) 
Oy (0,65 + 0,7p,/D) 


NR 
at the radius 0,6D/2 


9 316 320 (27 pul 
ou (0,65 + 0,7p,/D) "NR 


; (20 H 


LT? > 


+ 2,86m) 


+ 26m) 


950 000 
oy (0,65 + 0,7p,/D 


(Lr > 
NR 


D = diameter of propeller, in metres 


L = length of the expanded cylindrical section of the 
blade, at the radius in question, in mm 
M = ice torque as defined in 2.2 
N = number of blades 
P, = propeller pitch at the radius in question, for Aolid 
propellers, in metres 
= 0,7 nominal pitch for controllable pitch propellers, 
in metres 
P(H) = shaft power as defined in Ch 1,3.3 
R = propeller speed, in rev/min 
T =the corresponding maximum/dlade thickness, 
in mm 
Oy, = specified minimum tensile gfrength of the material, 
in N/mmé2 (kgf/mm2). 
2.3.2 Where the blade thickness derived from these 


formulae is less than the blage thickness derived by Ch 7,3.1 
the latter is to apply. 


2.4 Propeller blade minimum tip thickness 
2.4.1 The Slade tip thickness, t, at the radius D/2 is to be 
determined By the following formulae: 
Ice Class/ AS FS 
t/= (20 + 2D) | 22 mm 
Ou 
o omal SO am 
—(29 PT, 
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490 


u 


(: = 15 +20) (f£ mm) 


where D and o, are as defined in 2.3. 


t = (15+ 2D) mm 


2.5 Intermediate blade section 

2.5.1 The thickness of other g@ctions is to conform to a 
smooth curve connecting thé section thicknesses as 
determined by 2.3 and 2.4. 


2.6 Blade edgeAhickness 

2.6.1 The thigkness of blade edges is to be not less than 
50 per cent of tHe derived tip thickness, t, measured at 1,25t 
from edge. Fof controllable pitch propellers this applies only to 
the leading£dge. 


2.7 Mechanisms for controllable pitch propellers 

7.1 The strength of mechanisms in the boss of a 
controllable pitch propeller is to be 1,5 times that of the blade 
when a load is applied at the radius 0,9D/2 in the weakest 
direction of the blade. 


2.8 Keyless propellers 

2.8.1 When it is proposed to use keyless propellers, the 
fit of the propeller boss to the screwshaft will be specially 
considered. 


2.9 Screwshafts 

2.9.1 The diameter d, at the aft bearing of the screwshaft 
fitted in conjunction with a solid propeller is to be not less 
than: 


3 2 
d, = 1,084/ SEE mm 
[0] 
where 
L and T= proposed width and thickness respectively of the 
propeller blade section at 0,25D/2, in mm 
© = specified minimum yield stress of the material of the 
screwshaft, in N/mm2 (kgf/mm?) 
O, = specified minimum tensile strength of the blade 


material, in N/mm? (kgf/mm2). 
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29:2 c did GLG Ua d Cd UGd CW, 


9: mops 
shaft fitted in conjunction with a controllable pitch propeller is 
to be not less than: 


3| ou LT2 
dg = 1,15 -o mm 


where 
LandT = proposed width and thickness respectively of the 
propeller blade section at 0,35D/2, in mm 


© = specified minimum yield stress of the material of the 
screwshaft, in N/mm2 (kgf/mm?) 
Oo, = specified minimum tensile strength of the blade 
material, in N/mm? (kgf/mm2). 
2.9.3 Where the screwshaft diameter as derived by 2.9.1 


or 2.9.2 is less than the diameter derived by Ch 6,3.5.1, the 
latter is to apply. 


2.9.4 The shaft may be tapered at the forward end in 
accordance with Ch 6,3.5.4. 


2.10 Intermediate and thrust shafts 

2.10.1 The diameters of intermediate shafts and thrust 
shafts in external bearings are to comply with Ch 6,3.1 and 
Ch 6,3.4 respectively, except for Ice Class 1AS FS ice 
strengthening where these diameters are to be increased by 
10 per cent. 


2.11 Reduction gearing 
2.11.1 Where gearing is fitted between the engine and thg 
propeller shafting, the gearing is to be in accordance with 
Chapter 5, and is to be designed to transmit a torqug, Yi, 
determined by the following formula: 

M I, u2 


Y =Y+ T+ Ipu? + 1, u2 kN m (tonne-f m) 
where 
é pinion speed 
u = gear ratio = wheel speed 
I, = mass moment of inertia of MAchinery components 
rotating at higher speed 
I, = mass moment of inertia gt machinery components 


rotating at lower speeY including propeller with an 
addition of 30 per cent of entrained water 
(I, and J are to be expresseg in the same units) 


M = ice torque as defhed in 2.2 
P 

Y = 9,55 R 

(v = 0,716 fa ) 


P (H) and R 9f as defined in 2.3. 


2.12 Fire pumps in motor ships 
2.1.1 In motor ships where clearing steam is not 
gMailable, fire pumps are to be provided with suctions from 


Oo wwe 


20 


Ice Class 1D and 1E 


3.1 General 

3.1.1 Where the notation Ice Class 1D or IcefClass 1E is 
desired, the requirements of this Section, in adgition to those 
for open water service, are to be complied wj 


3.1.2 For Ice Class 1D or Ice Class/l E, the total engine 
output is to be not less than determined by the following formula: 


P =0,72LB kW 

(H = 0,98LB) Hp 
where 

L = Rule length, in metreg, see Pt 3, Ch 1,6.1.1 

B =moulded breadth/of ship, in metres, see Pt 3, Ch 

1,6.1.3 

3.2 Main engine shafting, gearing and propellers 
B21 The didmeters of the shafting and propeller blade 


thickness as required by the Rules for open water service are 
to be increagéd by the following percentages. No increase in 
the diameger of crankshafts, thrustshafts or intermediate 
shafts is “equired. 


Sérewshaft, increase in diameter as required by 5% 
h6,3.5 

Propeller, increase in blade thickness at root 8% 

and at 60 per cent radius as required 

by Ch 7,3.1 

Keyless propeller fitting, increase in mean 15% 


torque Q as defined in Ch 7,3.2. 


3.2.2 The screwshaft may be tapered at the forward end 
in accordance with Ch 6,3.5.4. 


3.3 Minimum propeller blade tip thickness 

3.3.1 The tip thickness, t, of the blade at 95 per cent 
radius is to be not less than that obtained by the following 
formula: 


3 
t = 0,14(T+57 = mm 
u 
3 
(: = 0,14 (T + 57) ‘ee mm) 
u 
where 
T = blade root thickness required by 3.2.1, in mm 
Oy = specified minimum tensile strength of material, in 
N/mmé2 (kgf/ mm3). 
3.4 Blade edge thickness 
3.4.1 The edges of the blades are to be suitably 


thickened for the operating conditions but are to be not less 
than 50 per cent of the required tip thickness, t, measured at 
1,25 times tip thickness, t, from the edge. For controllable 
pitch propellers, this requirement need only be applied to the 
leading edges of the blades. 
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3.5.1 


The sea inlet and overboard discharge valves which 
are situated at or below the maximum Load Line, are to be 
provided with low pressure steam or compressed air connec- 
tion for clearing purposes, see Chapter 13. 


3.5.2 When steam is not available for clearing, it is 
recommended that arrangements be made for supplying 
water for machinery cooling purposes by circulating from 
ballast tanks(s) of adequate capacity, preferably situated in 
the double bottom. Such tank(s) must be used only for stor- 
age of water ballast or fresh water. 


3.6 Cooling water lines 

3.6.1 Connections are to be fitted between the cooling 
water overboard discharge lines and sea inlets for main 
and/or auxiliary engine cooling water systems so that warm 
water may be used to assist in maintaining the suction pipes 
free from ice. 


3.6.2 Where the cooling water inlet valves are fitted to a 
common water box, the connections from the cooling water 
discharge lines may be led to the water box in a position as 
near as possible to the inlet valves. 


3.7 Fire pumps in motor ships 

3.7.1 In motor ships where clearing steam is/not 
available, fire pumps are to be provided with suctionés from 
the main cooling water inlet pipe. 


B Section 4 
Ice Classes 1AS F9{+), 1A FS(+), 
1B FS(+) and 1C FS(+) 

4.1 Powering of ice słfengthened ships 

4.1.1 For ships that yéquire additional strengthening in ice 


the total shaft power stalled is to be calculated using the 
following sections, Put is not to be less than required by the 
Finnish SwedishAce Class Rules in force at the time of 
contract. 


4.1.2 ge strengthened ships which are to be considered 
to have An icebreaking capability are to be able to develop 
sufficight thrust to permit continuous mode icebreaking at a 
sped of at least five Knots in ice having a thickness equal to 
thé nominal value for the desired Ice Class and a snow cover 


UT a a G 
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P4 = 0,736C, Cy C3 C, [240B h (1 +h + 0,035v2) + 


798A/L | 
708g L ]) 


yetres, see Pt 3, 


C4 Co C3 Cy [240B h (1 +h + 0,035v2) 


moulded breath of ship, in 
Ch 1,6.1.3 

Rule length, in metres, see Yt 3, Ch 1,6.1.1. 
displacement, in tonnes, gee Pt 3, Ch 9,7.2.1 
1,28 
0,9 if the ship ig fitted with a controllable pitch 
propeller, othe“wise 1,0 

0,9 if the raké of the stem is 45° or less, otherwise 
1,0. The product C» C3 is not to be taken as less 
than 0,2 

1,1 ifAhe ship is fitted with a bulbous bow, other- 
wisé 1,0 

ige thickness 

depth of snow cover 

ship speed, in knots, when breaking ice of thick- 
ness h. 


but is not to p€ taken as less than 1,0 
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Application 
Effective date 1 March 2008 E Section 2 
Si Section 1 Ice environment 
Scope 2.1 General 
1.1 General 2.1.1. This Section is intended to give assistance on the 
selection of a suitable ice class notation for the operation of 
1.1.1 The following requirements are for ships intended ships in ice-covered regions. 


for operations in ice and cold conditions. 
2.1.2 The Owner is to confirm which notation is most 
1.1.2 Guidance on the appropriate requirements and suitable for their requirements. Ultimately, the responsibility 
notations is provided in Table 1.1.1. rests with the master of the ship and their assessment of the 
ice and temperature conditions at the time. 


2.1.3 The documentation supplied to the ship is to 
contain the ice class notation adopted, any operation limits 
for the ship and guidance on the type of ice that can be 
navigated for the nominated ice class. 


Table 1.1.1 Ice and cold operations 


Reference Conditions Description Notation 


Ice Operations 


Secti Application 


Sec Hull 
Sec Machinery General requirements Applicable to all ice classes 


For ships with length less than 150m 


Sec Hull Light and very light ice 
Machinery conditions Hull strengthening in forward 
region only 


Hull Finnish Swedish Ice Class Rules 
Machinery 


Chapter 2 First-year ice conditions 


Hull Finnish Swedish Ice Class Rules 
Machinery with enhanced engine power for 
icebreaking capability 


Section 10 Hull — Multi-year ice conditions IACS Polar Ship Rules 
Section 11 Machinery 


ass PC1 


Cold operations 


Section 1 Application 


Provisional | Section 2 Hull ; Low temperature operations Hull construction materials Winterisation H(7) 
Rules for materials 
the 
Winterisation Short duration Winterisation C(T) 
of Ships Equipment 
Section3 and Low temperature Seasonal duration Winterisation B(T) 

systems operations 


Prolonged duration Winterisation A(7) 
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2.2 Definitions 


2.2.1 The World Meteorological Organisation's, WMO, 
definitions for sea ice thickness are given in Table 1.2.1. 


Table 1.2.1 WMO defintion of ice conditions 


Ice conditions Ice thickness 


Medium first-year 


Thin first-year, second stage 


Thin first-year, first stage 


Grey-white 
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Table 1.2.2 Comparison of ice standards 


Finnish Swedish Ice , 
Class Canadian type 


Lloyd's Register 
class notation 


ce Class 1AS FS(+) 
ce Class IAS FS 


IA Super A 


ce Class 1A FS(+ IA 
ce Class 1A FS 


ce Class 1B FS(4 IB 
ce Class 1B FS 


ce Class 1C FS(+) 
ce Class 1C FS 


ce C 


Grey 


2.2.2 Table 1.2.2 defines the ice classes in relation to the 
Rules and the equivalent internationally recognized standards. 


2.3 Application 


2.3.1 The variable nature of ice conditions is such that the 
average limits of the conditions are not easily defined. 
However, it is possible to plot the probable limits of the ice 
flows and the ice edge for each season. See Figs. 1.2.1 to 
1.2.4, and Table 1.2.3. 


2.3.2 Operation with Ice Class 1C FS may be possible 
up to 150 nm inside the 7/10 region shown depending on the 
severity of the winter. Operation with Ice Class 1A FS may 
be possible up to 150 nm inside the medium first-year ice 
shown depending on the severity of the winter. Operation up 
to the multi-year ice is possible most years with Ice Class 
1AS FS. 


Table 1.2.3 Concentration of ice 


Free ice 


ce C 


2.3.3 Operation in the region between 7/10 and 1/10 in 
the ice-covered regions is possible with due care for ships 
with no ice class. For ships operating for extended periods in 
these areas, it will be necessary to specify and design for a 
minimum temperature for the hull materials. To cover all 
situations for a non-ice class ship, the material requirements 
of The Provisional Rules for the Winterisation of Ships are 
recommended. 


2.4 Ice Class notations 
2.4.1 Where the requirements of Chapter 2 are complied 


with, the ship will be eligible for a special features notation as 
defined in Pt 1, Ch 2,2.1.9, see also Table 1.1.1. 


Open water 


Very open drift 


Open drift 


Close pack/drift 


Very close pack 


iT, Farsda 
Very close pack on OBR ty 
7 j ia Ao Hh 


Compact/consolidated ice 
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Ice limits Winter 


Multi year ice 
- - — Average Medium first year ice ,8-1,2 m (1.) 
— — Average 7/10 close ice 
——— — Average 1/10 open ice 
~~ Ice berg Limit 


80° 


Fig. 1.2.1 


2.5 National Authority requirements 

2.5.1 Certain areas of operation may require compliance 
or demonstration of equivalence with National Authority 
requirements. Table 1.2.2 gives the equivalence of National 
Authority requirements. 


2.5.2 The standards of ice strengthening required by the 
Rules have been accepted by the Finnish and Swedish 
Boards of Navigation as being such as to warrant assignment 
of the Ice Classes given in Table 1.2.2. 


2.5.3 Ships intending to navigate in the Canadian Arctic 
must comply with the Canadian Arctic Shipping Pollution 
Prevention Regulations established by the Consolidated 
Regulations of Canada, 1978, Chapter 353, in respect of 
which Lloyd's Register is authorised to issue Arctic Pollution 
Prevention Certificates. 


2.5.4 The Canadian Arctic areas have been divided into 
zones relative to the severity of the ice conditions experienced 
and, in addition to geographic boundaries, each zone has 
seasonal limits affecting the necessary ice class notation 
required to permit operations at a particular time of year. It is 
the responsibility of the Owner to determine which notation is 
most suitable for their requirements. 
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100° 


Ice Limits for the Arctic Winter 


2.5.5 The Canadian Authorities recognize that in the 
period November 6 to July 31 and any extension to that 
period declared by the Canadian Coast Guard, oil and bulk 
chemical tankers which qualify for Canadian Type A, B, C and 
D as indicated in Table 1.2.2 are suitable for operating in 
designated ice control zones within Canadian waters, off the 
east coast of Canada south of 60° north latitude. For all 
Type E tankers operating in this zone during the specified 
period, the Canadian Authorities will require either additional 
hull strength in way of the forward wing cargo tanks port and 
starboard, or the level of oil or chemical in these tanks to be 
not higher than one metre below the waterline of the ship in 
her condition of transit. Where the latter arrangement is 
adopted, the effect on longitudinal strength is to be 
considered. 


2.6 Ice conditions 
2.6.1 Charts and images for the current and recent ice 
conditions in all areas of the world plus information on 
icebergs can be found from the National Ice Centre on the 
world wide web at: 

www.natice.noaa.gov 


Ice limits Summer 


Multi year ice 
= = — Average Medium first year ice ,8-1,2 m (1.) 
— — Average 7/10 close ice 
——-—-— Average 1/10 open ice 
= Ice berg Limit 


80° 100° 120° 


Fig. 1.2.2 Ice Limits for the Arctic Summer 


2.6.2 Daily ice information and consultation is available 
from the Canadian ice service which is part of the Canadian 
department of the environment. Their web site can be found 
at: 

www.ice-glaces.ec.gc.ca 
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Fig. 1.2.3 Ice Limits for the Antarctic Winter 
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- “Antarctic Circle ~ 


Ice limits Summer 


Multi year ice 

— Average Medium first year ice ,8-1,2 m (1.) 
Average 7/10 close ice 

———— Maximum 1/10 open ice 


Fig. 1.2.4 Ice Limits for the Antarctic Summer 


E Section 3 
Air environment 


3.1 Air temperature 


3.1.1 For ships intended to operate in cold regions, the 
temperature on exposed surfaces is to be considered. See 
The Provisional Rules for the Winterisation of Ships. 


3.1.2 The average external design air temperature is to 
be taken as the lowest mean daily average air temperature in 
the area of operation: 


where Month 

Mean = statistical mean over a minimum of 20 years 
Average = average during one day and one night Fig. 1.3.1 Air temperature 
Lowest = lowest during the year 


MDHT = Mean Daily High Temperature 

MDAT = Mean Daily Average Temperature 

MDLT Mean Daily Low Temperature 
Fig. 1.3.1 shows the definition graphically. 


Il 
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3.7.3 The lowest external design air temperature is to be 
taken as the lowest mean daily lowest air temperature in the 
area of operation. Where reliable environmental records for 
contemplated operational areas exist, the lowest external 
design air temperature may be obtained after the exclusions 
of all recorded values having a probability of occurrence of 
less than 3 per cent. 


3.1.4 Lowest mean daily average air temperatures for the 
Arctic and Antarctic are provided in Figs. 1.3.2 and 1.3.3. 


Temperature limits for Winter 
Mean Daily lowest 


Based on environmental data from 1980 to 
1990 for huidance purposes only 


Fig. 1.3.2 Lowest mean daily air temperatures for the Arctic 


28 


Part 8, Chapter 1 


Temperature limits for Winter 
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Lowest mean daily air temperatures for the Antarctic 


e All sea areas north of the North American continent west 
of the areas defined in subparagraphs above. 
e The Bering and Okhotsk Seas and the Tartary Strait 


|_| Section 4 during the icing season. 
Icing environment e South of latitude 60°S. 

4.1 Ice accretion 

4.1.1 For ships intended to operate in cold regions, the 


build up of ice on exposed surfaces is to be considered. See 
The Provisional Rules for the Winterisation of Ships. 


4.1.2 Icing is to be considered for vessels operating in the 

following areas, see Figs. 1.4.1 and 1.4.2. 

e — The area north of latitude 65°30'N, between longitude 
28°W and the West coast of Iceland; north of the north 
coast of Iceland; north of the rhumb line running from 
latitude 66°N, longitude 15°W to latitude 73°30'N, longi- 
tude 15°E, north of latitude 73°30'N between longitude 
15°E and 35°E, and east of longitude 35°E, as well as 
north of latitude 56°N in the Baltic Sea. 

e — The area north of latitude 43°N bounded in the west by 
the North American coast and the east by the rhumb line 
running from latitude 43°N, longitude 48°W to latitude 
63°N, longitude 28°W and thence along longitude 28°W. 
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Fig. 1.4.1 Ice accretion limits for the Arctic 
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Fig. 1.4.2 Ice accretion limits for the Antarctic 
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Part 8, Chapter 2 
Ice Operations - Ice Class 


Effective date 1 March 2008 


a Section 7 
Strengthening requirements for 
navigation in ice - Application of 
requirements 

1.1 Additional strengthening 

1.1.1 Where additional strengthening is fitted in accor- 


dance with the requirements given in this Chapter, an 
appropriate special features notation will be assigned. It is the 
responsibility of the Owner to determine which notation is 
most suitable for his requirements. 


1.17.2 Where a special features notation is desired, the 
ship is to comply with the requirements of the applicable 
Sections, in addition to those for sea-going service, so far as 
they are applicable. 


1.2 Application for light ice conditions 

1.2.1 The requirements for Ice Class IE are for ships with 
length less than 150 m and are intended to navigate in very 
light first-year ice conditions, such as in brash ice and small 
ice pieces. The requirements of Sections 4 and 5 are to be 
complied with. 


1.2.2 The requirements for Ice Class 1D are for ships 
intended to navigate in light first-year ice conditions. The 
requirements for strengthening the forward region, the rudder 
and steering arrangements for Ice Class 1C FS are 
applicable. 


1.3 Application for first-year ice conditions 

1.3.1 Ships that comply with the requirements of the 
Finnish Swedish Ice Class Rules and Sections 6 and 7, for Ice 
Class IA Super, IA, IB and IC may be assigned the 
corresponding notations Ice Class 1AS FS, Ice Class 1A FS, 
Ice Class 1B FS or Ice Class 1C FS. The Finnish Swedish 
Ice Class Rules may be obtained from the following website: 

www.fma.fi 


1.3.2 For ships where the ice class notation Ice Class 
1AS FS(+), Ice Class 1A FS(+), Ice Class 1B FS(+) or Ice 
Class 1C FS(+) is requested, the requirements of the Finnish 
Swedish Ice Class Rules, and Sections 8 and 9 are to be 
complied with. 


1.4 Application for multi-year ice conditions 

1.4.1 The requirements for strengthening for navigation 
in ice, as given in Sections 10 and 11, are intended for ships 
operating in multi-year ice in Arctic or Antarctic ice conditions 
under their own power and constructed of steel, except 
icebreakers (see 1.5.1). 
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1.4.2 Ships that comply with Sections 10 and 11 can be 
considered for a Polar Class (PC) notation as listed in 
Table 2.1.1. The requirements of Sections 10 and 11 are in 
addition to the open water requirements. If the hull and 
machinery are constructed such as to comply with the 
requirements of different polar classes, then both the hull and 
machinery are to be assigned the lower of these classes in 
the classification certificate. Compliance of the hull or machin- 
ery with the requirements of a higher polar class is also to be 
indicated in the classification certificate or an appendix 
thereto. 


Table 2.1.1 Polar class descriptions 


Ice description 


Polar Class (based on WMO Sea Ice Nomenclature) 


ce Class PC 1 Year-round operation in all Polar waters 


ce Class PC 2 Year-round operation i 


ice conditions 


n moderate multi-year 


ce Class PC 3 Year-round operation in second-year ice 


which may include multi-year ice inclusions 


ce Class PC 4 Year-round operation 


which may include old 


in thick first-year ice 
ice inclusions 


ce Class PC 5 


Year-round operation 
which may include old ice inclusions 


in medium first-year ice 


ce Class PC 6 Summer/autumn operation in medium first- 


year ice which may include old ice inclusions 


ass PC 7 Summer/autumn operation in thin first-year 


ice which may include old ice inclusions 


1.4.3 The Polar Class (PC) notations and descriptions are 
given in Table 2.1.1. It is the responsibility of the Owner to 
select an appropriate Polar Class. The descriptions in 
Table 2.1.1 are intended to guide owners, designers and 
administrations in selecting an appropriate Polar Class to 
match the requirements for the ship with its intended voyage 
or service. 


1.4.4 The Polar Class notation is used throughout 
Sections 10 and 11 to convey the differences between 
classes with respect to operational capability and strength. 


1.5 Icebreakers 

1.5.1 Sea-going ships specially designed for icebreaking 
duties will be assigned the ship type notation 'Icebreaker' in 
addition to the special features notation appropriate to the 
degree of ice strengthening provided. ‘Icebreaker’ refers to 
any ship having an operational profile that includes escort or 
ice management functions, having powering and dimensions 
that allow it to undertake aggressive operations in ice-covered 
waters, and having a class certificate endorsed with this 
notation. 


a Section 2 
General hull requirements for 
navigation in ice — All ice classes 
2.1 General 
2.1.1 In addition to the requirements of the Finnish 


Swedish Ice Class Rules, the following Sections are to be 
complied with for Ice Class 1AS FS, Ice Class 1A FS, Ice 
Class 1B FS, Ice Class 1C FS and Ice Class 1D, where 
applicable. Alternative arrangements to attain similar 
performance will be specially considered. 


2.1.2 The ballast capacity of the ship is to be sufficient to 
give adequate propeller immersion in all ice navigating 
conditions without trimming the ship in such a manner that 
the actual waterline at the bow is below the ice light 
waterline. 


2.1.3 Fresh water and sea water ballast tanks situated 
above the design ballast waterline and adjacent to the shell, 
which are intended to be used in ice and cold navigating 
conditions, are to be provided with means to prevent 
freezing. These measures are to provide protection so that 
pumping water will not cause a vacuum beneath a layer of ice 
across the top of the water in the tank, and, are to protect 
against structural and systems damage from ice expansion. 
The following tank heating requirements are to be complied 
with: 
(a) For Ice Class 1C, Ice Class 1D and Ice Class 1E: 
Tanks entirely above the waterline are to be provided 
with heating coils or continuous circulation. 

Tanks partially below the waterline are to be provided 
with heating coils, continuous circulation or air bubbling. 
For all other Ice Classes: 

All tanks entirely above and partially below the waterline 
are to be provided with heating coils. 


2.1.4 These Rules are formulated for both transverse and 
longitudinal framing systems but it is recommended that, 
whenever practicable, transverse framing is selected. 


2.1.5 These Rules assume that when approaching ice 
infested waters, the ship's speed will be reduced appropri- 
ately. The vertical extent of ice strengthening for ships 
intended to operate at speeds exceeding 15 knots in areas 
containing isolated ice floes will be specially considered. 


2.1.6 An icebreaking ship is to have a hull form at the fore 
end adapted to break ice effectively. It is recommended that 
bulbous bows are not fitted to Ice Class 1AS ships. 


2.1.7 The stern of an icebreaking ship is to have a form 
such that broken ice is effectively displaced. 


2.1.8 Where it is desired to make provision for short tow 
operations, the bow area is to be suitably reinforced. Similarly, 
icebreakers may require local reinforcement in way of the 
stern fork. 
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2.1.9 The vertical extent of the ice strengthening is 
related to the ice light and ice load waterlines, which are 
defined in 2.2. The maximum and minimum Ice Class 
draughts at both the fore and aft ends will be stated on the 
Class Certificate. In addition, the installed and required mini- 
mum engine output, see Section 7, will be stated on the Class 
Certificate. 


2.2 Definitions 

2.2.1 The upper and lower ice waterlines upon which the 
design of the vessel has been based is to be indicated in the 
classification certificate. The upper ice waterline (UIWL) is to 
be defined by the maximum draughts fore, amidships and aft. 
The lower ice waterline (LIWL) is to be defined by the 
minimum draughts fore, amidships and aft. 


2.2.2 The lower ice waterline is to be determined with due 
regard to the vessel's ice-going capability in the ballast 
loading conditions (e.g. propeller submergence). 


2.2.3 The upper ice waterline (UIWL) and lower ice water- 
line (LIWL) are to be indicated on the plans. For navigation in 
certain geographical areas, the relevant National Authority 
may require the maximum Ice Class draught to be marked on 
the ship in a specified manner. 


2.2.4 Displacement A is the displacement at the upper 
ice waterline (UIWL) when floating in water having a relative 
density of 1,0. For first-year ice class Rules, the displacement 
is in tonnes. For multi-year ice class Rules, the displacement 
is in kilo tonnes. 


2.2.5 Shaft power, Po , is the maximum propulsion shaft 
power, in kW, for which the machinery is to be classed. 


a Section 3 
General machinery requirements 
for navigation in ice - All ice 
classes 

3.1 Materials for shafting 

3.1.1 All components of the main propulsion system are 


to be of steel or other approved ductile material. 


3.1.2 For screwshafts in ships intended for the notation 
Ice Class 1AS FS or Ice Class 1A FS and where the connec- 
tion between the propeller and the screwshaft is by means of 
a key, Charpy impact tests are to be made in accordance with 
the requirements of Ch 5,3.4.12 of the Rules for the 
Manufacture, Testing and Certification of Materials (hereinafter 
referred to as the Rules for Materials). 


3.2 Materials for propellers 

3.2.1 Propellers and propeller blades are to be of cast 
steel or copper alloys and are to be manufactured, tested and 
certified in accordance with Ch 4,1, Ch 4,5 and Ch 9,1 of the 
Rules for Materials respectively. 
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3.2.2 For steel propellers, the elongation of the material 
used is to be not less than 19 per cent for a test piece length 
of 5d. Charpy impact tests are to be carried out in accordance 
with the requirements of the Rules for Materials. 


3.2.3 Cast steel load transmitting components of control- 
lable pitch mechanisms are to be manufactured, tested and 
certified in accordance with the requirements of Ch 4,5 of the 
Rules for Materials. 


3.2.4 Forged steel load transmitting components of 
controllable pitch propellers are to be manufactured, tested, 
and certified in accordance with Ch 5,1 and Ch 5,2 of the 
Rules for Materials. Impact tests are to be carried out at minus 
10°C and the average energy value is to be not less than 
27 J. 


3.2.5 Spheroidal cast iron load transmitting-components 
of controllable-pitch mechanisms are to be manufactured, 
tested and certified in accordance with the requirements of 
Table 7.3.2 in Ch 7,3 of the Rules for Materials. 


3.3 Ship-side valves 


3.3.1 The sea inlet and overboard discharge valves which 
are situated at or below the maximum Load Line, are to be 
provided with low pressure steam or compressed air connec- 
tion for clearing purposes, see Pt 5, Ch 13. 


3.3.2 When steam is not available for clearing, it is 
recommended that arrangements be made for supplying 
water for machinery cooling purposes by circulating from 
ballast tanks(s) of adequate capacity, preferably situated in 
the double bottom. Such tank(s) must be used only for 
storage of water ballast or fresh water. 


3.4 Fire pumps in motor ships 


3.4.1 In motor ships where clearing steam is not 
available, fire pumps are to be provided with suctions from a 
suitable sea water inlet which is maintained ice-free at all 
times. 


3.4.2 At least one of the fire pumps is to be connected to 
a sea chest which is provided with de-icing arrangements. 


E Section 4 
Hull requirements for light ice 
conditions - Ice classes 1D and 1E 


4.1 Ice Class 1D 


4.1.1 The requirements for strengthening the forward 
region for Ice Class 1C FS are applicable. See Section 6. 


4.2 Ice Class 1E - General 


4.2.1 These requirements apply to ships with length less 
than 150 m and which are intended to operate in very light 
first-year ice conditions. Where additional strengthening is 
fitted in accordance with the requirements of this sub-Section, 
the notation Ice Class 1E will be assigned. 


4.2.2 For longitudinally framed ships, the scantlings of 
shell plating and framing are to comply with the requirements 
of Ice Class 1C FS using 0,9 times the ice pressure. The 
requirements for shell plating need only be applied in the 
region shown in Fig. 2.4.1. The requirements for framing need 
only be applied forward of the flat of side. 


4.2.3 For transversely framed ships, the requirements of 
4.3 to 4.7 are to be applied. 


Ice Load Waterline 


Ice Light Waterline 


Flat of side 


Ice Load Waterline and Ice Light Waterline are defined in 7.2 


L, as defined in Ch 1,6.1 


Fig. 2.4.1 


Extent of application of plating requirements 


4.2.4 Where the structural requirements of Ice Class 1C 
FS give lesser scantlings than the requirements of this sub- 
Section, the lesser scantlings may be applied. 


4.3 Shell plating 


4.3.1 The shell plating thickness within the region shown 
in Fig. 2.4.1 is not to be less than: 


2 
E =oizos\le( — 22 2 i\/ia= 
110000 


where 
spacing of main frames, in metres 


4,2 3 
(0,26 /s + 1,8)2 ) 


2mm 


S = 
L and B= are defined in Pt 3, Ch 1,6.1 


k = is defined in Pt 3, Ch 2,1.2. 
4.4 Transverse framing 
4.4.1 The section modulus of main frames forward of the 


flat of side is not to be less than: 

2 

z = 6,08sik [| —5Ł— + 1,237 - | \ cms 
140000 2l 


but need not be taken as greater than: 


Z =S ET 
where 
s = spacing of main frames, in metres 


l = span, in metres 
L and B= are defined in Pt 3, Ch 1,6.1 
k = is defined in Pt 3, Ch 2,1.2 


4.4.2 Intermediate ice frames are to be fitted in the region 
forward of the flat of side and are to extend from 0,62 m 
above the upper ice waterline to 1 m below the lower ice 
waterline. 


4.4.3 Intermediate ice frames aft of the collision bulkhead 
are to have a section modulus not less than 65 per cent of 
that given in 4.4.1. 


4.4.4 Intermediate ice frames forward of the collision 
bulkhead are to have a section modulus not less than 40 per 
cent of that given in 4.4.1. 


4.5 Primary longitudinal members supporting ice 
frames 
4.5.1 Forward of the collision bulkhead, in single deck 


ships, an ice stringer is to be fitted approximately 0,25 m 
below the upper ice waterline and is to have scantlings in 
accordance with Table 5.4.4 in Pt 3, Ch 5. 


4.5.2 Aft of the collision bulkhead a series of tripping 
brackets are to be fitted at each main and intermediate frame 
at the same level as the ice stringer to a distance 0,1L aft of 
the flat of side. 
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4.6 Stern frame and rudder 

4.6.1 The rudder and stern frame scantlings are to be in 
accordance with 6.5. However, the ship's speed need not be 
taken as greater than 14 knots. The hull form factor and the 
rudder profile coefficients are to be taken as 1,0. 


4.7 Weld connections 


4.7.1 Weld connections to the shell plating forward of the 
collision bulkhead are to be double continuous. 


m Section 5 
Machinery requirements for light 
ice conditions - Ice Classes 1D 
and 1E 

5.1 General 

5.7.1 Where the notation Ice Class 1D or Ice Class 1E is 


desired, the requirements of this Section, in addition to those 
for open water service, are to be complied with. 


5.1.2 The requirements need not be taken as greater 
than those for Ice Class 1C FS. 


5.2 Engine power 


5.2.1 The total engine output is to be not less than deter- 
mined by the following formula: 


P =0,72LB kW 


where 
L = Rule length, in metres, see Pt 3, Ch 1,6.1.1 
B = moulded breadth of ship, in metres, see Pt 3, 
Ch 1,6.1.3. 
5.3 Main engine shafting and propellers 
5.3.1 The diameters of the shafting and propeller blade 


thickness as required by the Rules for open water service are 
to be increased by the percentages as given in Table 2.5.1. 
No increase in the diameter of crankshafts, thrustshafts or 
intermediate shafts is required. 


Table 2.5.1 Increase for main engine shafting and 


propellers 


Screwshaft, increase in diameter as required by 
Pt 5, Ch 6,3.5 


Propeller, increase in blade thickness at root and 
at 60 per cent radius as required by Pt 5 Ch 7,3.1 


Keyless propeller fitting, increase in mean torque 
Q as defined in Pt 5, Ch 7,3.2 
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5.3.2 The screwshaft may be tapered at the forward end 
in accordance with Pt 5, Ch 6,3.5.3 and Pt 5, Ch 6,3.5.4 
subject to the increase in diameter of 5 per cent as required 
by 5.3.1. 


5.4 Minimum propeller blade tip thickness 

5.4.1 The tip thickness, t, of the blade at 95 per cent 
radius is to be not less than that obtained by the following 
formula: 


3 

t =0,14(T+574| £ mm 

Ou 

where 

T = blade root thickness required by 5.2.1, in mm 

Oy = specified minimum tensile strength of material, in 
N/mm. 

5.5 Blade edge thickness 
5.5.7 The edges of the blades are to be suitably thick- 


ened for the operating conditions but are to be not less than 
50 per cent of the required tip thickness, t, measured at 
1,25 times tip thickness, t, from the edge. For controllable 
pitch propellers, this requirement need only be applied to the 
leading edges of the blades. 


5.6 Cooling water lines 

5.6.1 Connections are to be fitted between the cooling 
water overboard discharge lines and sea inlets for main and/or 
auxiliary engine cooling water systems so that warm water 
may be used to assist in maintaining the suction pipes free 
from ice. 


5.6.2 Where the cooling water inlet valves are fitted to a 
common water box, the connections from the cooling water 
discharge lines may be led to the water box in a position as 
near as possible to the inlet valves. 


E Section 6 
Hull requirements for first-year ice 
conditions - Ice classes 1AS FS, 
1A FS, 1B FS and 1C FS 

6.1 Framing - General requirements 

6.1.1 Where a frame intersects a boundary between two 


of the hull regions the scantling requirements applicable will 
be those for the forward region if the forward midship 
boundary is intersected or for the midship region if the aft 
midship boundary is intersected. 


6.1.2 The effective weld area attaching ice frames to 
primary members is not to be less than the shear area for the 
frames. 
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6.2 Primary longitudinal members supporting 
transverse ice framing 
6.2.1 The webs of primary longitudinal members 


supporting transverse ice frames are to be stiffened and 
connected to the main or intermediate frames so that the 
distance, r, between such stiffening is not to be greater than 
given according to the following formula: 


291t3 
K 2 
«oy 
where 
t = thickness, in mm, of the primary longitudinal 
member adjacent to the shell plating 
QO = longitudinal distribution factor as given in 
Table 2.6.1 
y = (a) Forward region 
y = 0,653 + 3,217 \Po^A x10 
y = 0,876 + 9,908 4 Po^A x10- 
or 


y = 1,0, whichever is the least 
= (b) Midship and aft regions 


y = 0,653 + 9,908 y Po A x 10% 


or y = 1,0, whichever is the least 
Po and A = are as defined in 2.2. 


Table 2.6.1 Longitudinal distribution factor a, 


Qo 


Ice Class 


Midship 


Forward 


1AS FS 1,00 0,98 


1A FS 0,87 0,75 


1B FS 0,78 


1C FS 0,68 


1D 


0,68 


6.2.2 The minimum thickness of the web plating of 
longitudinal primary members is to comply with the require- 
ments of Pt 3, Ch 10,4. 


6.3 Stem 

6.3.1 The stem is to be made of rolled, cast or forged 
steel or of shaped steel plates. A sharp edged stem, as 
shown in Fig. 2.6.1 improves the manoeuvrability of the ship 
in ice. 


Fig. 2.6.1 A sharp edged stem 


6.3.2 The section modulus of the stem in the fore and aft 
direction is not to be less than determined in accordance with 
the following formula: 


Z = 1500 (dg y*)8/2 cm3 
where 
Œo = longitudinal distribution factor for the forward region 
as given in Table 2.6.1 
y = is defined in 6.5.2. 
6.3.3 The dimensions of a welded stem constructed as 


shown in Fig. 2.6.1 are to be determined in accordance with 
the following formula: 


t = 31a, 


where 
t = thickness of the side plates, in mm. 


mm 


6.3.4 In bulbous bow constructions, the extent of plating 
below the Ice Light Waterline should be such as to cover that 
part of the bulb forward of the vertical line originating at the 
intersection of the Ice Light Waterline and the stem contour 
at the centreline. A suitably tapered transition piece should be 
arranged between the reinforced stem plating and keel. 
However, in no case should the reinforced stem plating 
extend vertically below the Ice Light Waterline for less than 
750 mm. The adjacent strake to the reinforced shaped stem 
plating of the bulb should be in accordance with the require- 
ments for shell plating. 


6.3.5 Where in the ice belt region the radius of the stem 
or bulb front plating is large, one or more vertical stiffeners are 
to be fitted in order to meet the section modulus requirement 
of 6.3.2. In addition, vertical ring stiffening will be required for 
the bulb. 


6.3.6 The dimensions of the stem may be tapered to the 
requirements of Pt 3, Ch 5,3.3 at the upper deck. The 
connections of the shell plating to the stem are to be flush. 


6.4 Stern 

6.4.1 Where the screwshaft diameter exceeds the Rule 
diameter, the propeller post is to be correspondingly strength- 
ened, see Pt 3, Ch 6,7. 
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6.5 Rudder and steering arrangements 

6.5.1 Rudder scantlings, posts, rudder horns, solepieces, 
rudder stocks, steering engine and pintles are to be 
dimensioned in accordance with Pt 3, Ch 6 and 13 as 
appropriate. The speed used in the calculations is to be the 
maximum service speed or that given in Table 2.6.2, 
whichever is the greater. When used in association with the 
speed given in Table 2.6.2, the hull form factor and the rudder 
profile coefficients are to be taken as 1,0. 


Table 2.6.2 Minimum speed 
Minimum speed, 


Ice Class : 
in knots 


1AS FS 20 


1A FS 18 


1B FS 


16 


1C FS 14 


1D 14 


6.5.2 For double plate rudders, the minimum thickness 
of plating and horizontal and vertical webs in the main ice belt 
zone is to be determined as for shell plating in the aft region. 
For the horizontal and vertical webs, the corrosion-abrasion 
increment, c, need not be added. For Ice Class 1D, the 
minimum thickness of plating and webs, of double plate 
rudders and the extent of application are to be determined as 
for those in Ice Class 1C FS. 


6.5.3 Where an ice class notation is included in the class 
of a ship, the nozzle construction requirements, as defined in 
Table 13.3.1 in Pt 3, Ch 13, are to be upgraded to include 
abrasion allowance as follows: 


Ice Class Thickness increment 
1AS FS 5mm 
1A FS 4mm 
1BFS 3mm 
1C FS 2mm 
1D 2mm 


However, the thickness of the shroud plating is not to be less 
than the shell plating for the aft region taking frame spacing s 
in the formula as 500 mm. 


6.5.4 The scantlings of the stock, pintles, gudgeon and 
solepiece associated with the nozzle are to be increased on 
the basis given in 6.5.1. However, the diameter of the nozzle 
stock is to be not less than that calculated in the astern 
condition taking the astern speed as half the speed given in 
Table 2.6.3 or the actual astern speed, whichever is the 
greater. 


6.5.5 Nozzles with articulated flaps will be subject to 
special consideration. 
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6.5.6 For the Ice Classes 1AS FS and 1A FS, the rudder 
stock and the upper edge of the rudder shall be protected 
against ice pressure by an ice knife or equivalent means. The 
ice knife is to extend down to the ice light waterline; this 
requirement may be waived where this would lead to 
impracticable ice knifes, e.g. for ships with large draught 
variations. 


6.5.7 For the Ice Classes 1AS FS and 1A FS, due regard 
is to be paid to the excessive load caused by the rudder being 
forced out of the midship position when backing into an ice 
ridge. When vessels are intended to operate with significant 
time in astern operation, then the hull strength is to be based 
on the method used in the forward region; however, due 
consideration may be given to the anticipated power in this 
mode of operation. 


6.5.8 Relief valves for hydraulic pressure are to be 
effective, see Pt 5, Ch 19,3.3. The components of the rudder 
steering gear are to be able to withstand the yield torque of 
the rudder stock, see Pt 5, Ch 19,3.2.2. Rudder stoppers 
working on the rudder blade or rudder head are to be fitted. 


a Section 7 
Machinery requirements for first- 
year ice conditions - Ice Classes 
1AS FS, 1A FS, 1B FS and 1C FS 

7.1 General 

7.1.1 Where the notation Ice Class 1AS FS, Ice Class 


1A FS, Ice Class 1B FS or Ice Class 1C FS is desired, the 
requirements of this Section, in addition to those for open 
water service, are to be complied with, so far as these are 
applicable. 


7.2 Determination of ice torque 

7.2.1 Dimensions of propellers, shafting and gearing are 
determined by formulae taking into account the impact when 
a propeller blade hits ice. The ensuing load is hereinafter 
defined by ice torque, M. 


M =mD2 kNm 
where 
m = 21,10 for Ice Class 1AS FS 
= 15,69 for Ice Class 1A FS 
= 13,04 for Ice Class 1B FS 
= 11,96 for Ice Class 1C FS 
D = diameter of propeller, in metres 
7.2.2 If the propeller is not fully submerged when the ship 


is in ballast condition, the ice torque for Ice Class 1A FS is 
to be used for Ice Class 1B FS and Ice Class 1C FS. 
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7.3 Propeller blade sections 


7.3.1 The width, L, and thickness, 7, of propeller blade 
sections are to be determined so that: 
(a) atthe radius 0,25D/2, for solid propellers 

26 478 000 


0, (0,65 + 0,7p,/D) 


LT? > 


(b) at radius 0,35D/2 for controllable pitch propellers 
ne 21 084 300 
> 
~ Oy (0,65 + 0,7p,/D) 
(c) at the radius 0,6D/2 
a 9 316 320 
S tsar, eee 
rere 0, (0,65 + 0,7p,/D) 
where 
D = diameter of propeller, in metres 
L = length of the expanded cylindrical section of the 
blade, at the radius in question, in mm 
M = ice torque as defined in 7.2 
N = number of blades 
P, = propeller pitch at the radius in question, for solid 
propellers, in metres 
= 0,7 nominal pitch for controllable pitch propellers, 
in metres 
P_ = shaft power as defined in Pt 5, Ch 1,3.3 
R = propeller speed, in rev/min 
T = the corresponding maximum blade thickness, in 
mm 
Oy = specified minimum tensile strength of the material, 
in N/mm. 
7.3.2 Where the blade thickness derived from these 


formulae is less than the blade thickness derived by Pt 5, 
Ch 7,3.1, the latter is to apply. 


7.4 Propeller blade minimum tip thickness 
7.4.1 The blade tip thickness, t, at the radius D/2 is to be 
determined by the following formulae: 
Ice Class 1AS FS 
t = (20+2D)4] 422 mm 
Ou 
Ice Classes 1A FS, 1B FS and 1C FS 
t = (15+2D1| £ mm 
Ou 
where 


Dando, = are as defined in 7.3. 


7.5 Intermediate blade sections 

70:1 The thickness of other sections is to conform to a 
smooth curve connecting the section thicknesses as deter- 
mined by 7.3 and 7.4. 


7.6 Blade edge thickness 

7.6.1 The thickness of blade edges is to be not less than 
50 per cent of the derived tip thickness, t, measured at 1,25t 
from edge. For controllable pitch propellers, this applies only 
to the leading edge. 


7.7 Mechanisms for controllable pitch propellers 
7.7.1 The strength of mechanisms in the boss of a 
controllable pitch propeller is to be 1,5 times that of the blade 
when a load is applied at the radius 0,9D/2 in the weakest 
direction of the blade. 


7.8 Keyless propellers 

7.8.1 When it is proposed to use keyless propellers, the 
fit of the propeller boss to the screwshaft will be specially 
considered. 


7.9 Screwshafts 

7.9.1 The diameter d, at the aft bearing of the screwshaft 
fitted in conjunction with a solid propeller is to be not less 
than: 


SI o LT? 
d, = 1,08 —— mm 
Oo 
where 
LandT = proposed width and thickness respectively of the 
propeller blade section at 0,25D/2, in mm 
© = specified minimum yield stress of the material of 
the screwshaft, in N/mm2 
Oy = specified minimum tensile strength of the blade 
material, in N/mm? 
7.9.2 The diameter, d, at the aft bearing of the screw- 


shaft fitted in conjunction with a controllable pitch propeller is 
to be not less than: 


31 ou LT? 
d, = 1,15 ——_ mm 
Oo 
where 
LandT = proposed width and thickness respectively of the 
propeller blade section at 0,35D/2, in mm 
© = specified minimum yield stress of the material of 
the screwshaft, in N/mm? 
Oy = specified minimum tensile strength of the blade 
material, in N/mm? 
7.9.3 Where the screwshaft diameter as derived by 7.9.1 


or 7.9.2 is less than the diameter derived by Pt 5 Ch 6,3.5.1, 
the latter is to apply. 


7.9.4 The diameter, d,, of the screwshaft determined in 
accordance with this Section is to extend over a length not 
less than that to the forward edge of the bearing immediately 
forward of the propeller or 2,5d, whichever is the greater. 


7.9.5 The shaft may be tapered at the forward end in 
accordance with Pt 5, Ch 6,3.5.3 and Pt 5, Ch 6,3.5.4, except 
for Ice Class 1AS FS ice strengthening, where these 
diameters are to be increased by 10 per cent. 
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7.10 Intermediate and thrust shafts 

7.10.1 The diameters of intermediate shafts and thrust 
shafts in external bearings are to comply with Pt 5, Ch 6,3.1 
and Pt 5, Ch 6,3.4 respectively, except for Ice Class 1AS FS 
ice strengthening where these diameters are to be increased 
by 10 per cent. 


7.11 Reduction gearing 

7.11.1 Where gearing is fitted between the engine and the 
propeller shafting, the gearing is to be in accordance with 
Pt 5, Ch 5, and is to be designed to transmit a torque, Yj, 
taken as the greater of the following conditions: 

(a) Ice load conditions (ice torque applied to mean torque) 


M I, u2 
Y =Y+ =, kNm 
D + Th u2 
where 
u = gear ratio 
_ pinion speed 
~ wheel speed 
I, = mass moment of inertia of machinery compo- 
nents rotating at higher speed 
I = mass moment of inertia of machinery compo- 
nents rotating at lower speed, including propeller 
with an addition of 30 per cent of entrained water 
(I, and I, are to be expressed in the same units) 
M_ = ice torque as defined in 7.2 
Y = 9,55 P/R 
PandR = areas defined in 7.3 
(0) Open water conditions (Ka factor applied to mean 


torque) 
Y = YKa KNm 
Y = as above 
Ka = application factor as given in Table 5.3.1 in Pt 5, 
Ch5 


Section 8 

Hull requirements for first-year ice 
conditions - Ice classes 1AS FS(+), 
1A FS(+), 1B FS(+) and 1C FS(+) 


8.1 General 
8.1.1 The requirements for Ilce Class 1AS FS, Ice Class 
1A FS, Ice Class 1B FS and Ice Class 1C FS, as applica- 
ble, are to be applied using the installed engine power as 
given by Section 9. 
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|_| Section 9 


Machinery requirements for first- 
year ice conditions - Ice classes 
1AS FS(+), 1A FS(+), 1B FS(+) and 
1C FS(+) 


9.1 Powering of ice strengthened ships 

9.1.1 For ships that require additional strengthening in 
ice, the total shaft power installed is to be calculated using 
the following Sections, but is not to be less than required by 
the Finnish Swedish Ice Class Rules in force at the time of 
contract. 


9.1.2 Ice strengthened ships which are to be considered 
to have an icebreaking capability are to be able to develop 
sufficient thrust to permit continuous mode icebreaking at a 
speed of at least five Knots in ice having a thickness equal to 
the nominal value for the desired Ice Class and a snow cover 
of at least 0,3 m. 


9.1.3 The shaft power necessary to provide an ice- 
breaking capability can be determined by the equation: 


P4 = 0,736C4 C> C3 [2408h (1 +A + 0,035v2) + 


70S, AfL | kw 


where 
B = moulded breath of ship, in metres, see Pt 3, 
Ch 1,6.1.3 
L = Rule length, in metres, see Pt 3, Ch 1,6.1.1 
A = displacement, in tonnes, see Pt 3, Ch 9,7.2.1 
Cy, = 128 but is not to be taken as less than 1,0 
A 
C> = 0,9 if the ship is fitted with a controllable pitch 
propeller, otherwise 1,0 
C3 = 0,9 if the rake of the stem is 45° or less, otherwise 
1,0. The product C» C3 is not to be taken as less 
than 0,85 
C4 = 1,1 if the ship is fitted with a bulbous bow, other- 
wise 1,0 
h = ice thickness 
Se = depth of snow cover 
v = ship speed, in knots, when breaking ice of 
thickness h. 
a Section 10 
Hull strengthening requirements 
for navigation in multi-year ice 
conditions - Ice Classes PC1, PC2, 
PC3, PC4, PC5, PC6 and PC7 
10.1 Hull Areas 
10.1.7. The hull of all polar class ships is divided into areas 


reflecting the magnitude of the loads that are expected to act 
upon them, see Fig. 2.10.1. In the longitudinal direction, there 
are four regions: 

(a) bow, (B); 


40 


b) bow intermediate, (B;); 

c) midbody, (M), and 

d) stern (S). 

The bow intermediate, midbody and stern regions are further 
divided in the vertical direction into three regions: 

(i) bottom, (b) 

(ii) lower, (2) and 

(iii) icebelt (). 


( 
( 
( 


10.1.2 The upper ice waterline, UIWL, and lower ice water- 
line, LIWL, are as defined in 2.2. 


10.1.3 In addition to Fig. 2.10.1, at no time is the boundary 
between the bow and bow intermediate regions to be forward 
of the intersection point of the line of the stem and the ship 
baseline. 


10.1.4 In addition to Fig. 2.10.1, the aft boundary of the 
bow region need not be more than 0,452 aft of the forward 
perpendicular, FP. 


10.1.5 The boundary between the bottom and lower 
regions is to be taken at the point where the tangent to the 
shell is inclined 7° from horizontal. 


10.1.6 Ifa ship is intended to operate astern in ice regions, 
the aft section of the ship is to be designed based on the bow 
and bow intermediate hull area requirements. 


10.2 Design ice loads - General 

10.2.1 For ships of all Polar Classes, a glancing impact on 
the bow is the design scenario for determining the scantlings 
required to resist ice loads. 


10.2.2 The design ice load is characterized by an average 
pressure, Pa, uniformly distributed over a rectangular load 
patch of height, 6, and width, w. 


10.2.3 Within the bow area of all polar classes, and within 
the bow intermediate icebelt area of polar classes PC6 and 
PC7, the ice load parameters are functions of the actual bow 
shape. To determine the ice load parameters, Pa, b and w, it 
is required to calculate the following ice load characteristics 
for sub-regions of the bow area; shape coefficient, faj, total 
glancing impact force, F;, line load, Q;, and pressure, P;. 


10.2.4 In other ice-strengthened areas, the ice load 
parameters, Pa Dyg and wyp, are determined independently 
of the hull shape and based on a fixed load patch aspect ratio, 
AR = 3.6. 


10.2.5 Design ice forces calculated according to 10.3 are 
only valid for vessels with icebreaking forms. Design ice forces 
for any other bow forms are to be specially considered. 


10.2.6 — Ship structures that are not directly subjected to ice 
loads may still experience inertial loads of stowed cargo and 
equipment resulting from ship/ice interaction. These inertial 
loads are to be considered in the design of these structures. 
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WL angle = 10 degrees ai 


0,04L aft of WL angle = O degrees at UIWL 


0,7b 20,15L 
<a 
p 


CRAKE 


WL angle = 0 degrees 


WL angle = 10 degrees 


‘i 


Midbody 


Fig. 2.10.1 


10.3 Glancing impact load characteristics 

10.3.1 |The parameters defining the glancing impact load 
characteristics are reflected in the class factors listed in 
Table 2.10.1. 


10.4 Bow area 

10.4.1 In the bow area, the force, F, line load, Q, pressure, 
P, and load patch aspect ratio, AR, associated with the 
glancing impact load scenario are functions of the hull angles 
measured at the upper ice waterline, UIWL. The influence of 
the hull angles is captured through calculation of a bow shape 
coefficient, fa. The hull angles are defined in Fig. 2.10.2. 


Table 2.10.1 Class factors 


Flexural failure 
class factor 


Crushing failure 


Polar Class class factor 


For PC1,2,3&4 x=1,5m; 

For PC5,6&7 x=1,0m; 

with 'x' measured at aft of bow region 

b = distance from the AP to 
maximum half breadth at UIWL 


Extent of hull areas 


10.4.2 The waterline length of the bow region is generally 
to be divided into four sub-regions of equal length. The force, 
F, line load, Q, pressure, P, and load patch aspect ratio, AR, 
are to be calculated with respect to the mid - length position 
of each sub-region (each maximum of F, Q and P is to be 
used in the calculation of the ice load parameters P,, b and 
w). 


10.4.3. The bow area load characteristics are determined 
as follows: 
(a) The shape coefficient, faj, is to be taken as 
fa; = fai 4 
fai 
fa; whichever is the lesser 
where 


Load patch 
dimensions 
class factor 


Longitudinal 
strength 
class factor 


Displacement 
class factor 
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waterline plan 


sheer plan Z 


waterline angle a buttock angle y 


body plan A-A 


p . 
{| section B-B 


frame angle B normal frame angle B' 


Fig. 2.10.2 Definition of hull angles 


x 2 107 
faj4 = (0,097 -0,68 ( — -0,15 m 
ref (1-05) ) Ta 
1,2Ce 
f2 = Snip) Cg ADS 
fais = 0,60 
i = sub-region considered 
L = ship length measured at the upper ice waterline 
(UIWL), in metres 
x = distance from the forward perpendicular (FP) to 
station under consideration, in metres 
a = waterline angle, in degrees, see Fig. 2.10.2 
B' = normal frame angle, in degrees, see Fig. 2.10.2 
A = ship displacement, in kilo tonnes, not to be taken 
less than 5 
Co = crushing failure class factor from Table 2.10.1 
Ce = flexural failure class factor from Table 2.10.1 
(o) Force, F;: 
F, = fa, Co D284 MN 
where 
i = sub-region considered 
fa, = shape coefficient of sub-region, / 
Cgo = crushing failure class factor from Table 2.10.1 
A = ship displacement, in kilo tonnes, not to be taken 
less than 5 
(c) Load patch aspect ratio, AR;: 
AR, = 7,46 sin (p') 
AR, 2 1,3 
where 


i = sub-region considered 


B; = normal frame angle of sub-region /, in degrees 
(d) Line load, Q;: 
F061 Cp TE 
Qi = AR0.35 /m 


where 
i = sub-region considered 
F; = force of sub-region /, in MN 


Cp = load patch dimensions class factor from Table 
2.10.1 
AR, = load patch aspect ratio of sub-region / 
(e) Pressure, P;: 
Pi = F022 Cp? AR®:3 MPa 
where 
I = sub-region considered 
F; = force of sub-region /, in MN 
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Cp = load patch dimensions class factor from Table 
2.10.1 
AR, = load patch aspect ratio of sub-region / 
10.5 Hull areas other than the bow 
10.5.1 In the hull areas other than the bow, the force, Fr, 


and line load, Qng, used in the determination of the load patch 
dimensions, byg, Wyp, and design pressure, P,, are deter- 
mined as follows: 


(a) Force, Fryp: 
Fup = 0,36Co Af MN 
where 
Co = crushing force class factor from Table 2.10.1 
Ap = ship displacement factor 
= A0,64 if A < Cp] 
= CFpjg?64 +0,10 (A = Cp) ifA> Cpi 
A = ship displacement, in kilo tonnes, not to be taken 
less than 10 
Cp, = displacement class factor from Table 2.10.1 
(o) Line Load, Qnp: 


Que = 0,639F R981 Cp MN/m 
where 
Fup = force from 10.5.1(a), in MN 
Cp = load patch dimensions class factor from Table 
2.10.1 
10.6 Design load patch 
10.6.1 In the bow area, and the bow Intermediate Icebelt 


area for ships with class notation PC6 and PC7, the design 
load patch has dimensions of width, wg, and height, bz, 
defined as follows: 


Fg 
Wa => m 
B Qs 
Qg 
bg == m 
B Pg 
where 
Fg = maximum F; in the bow area, in MN 
Qg = maximum Q,; in the bow area, in MN/m 
Pg = maximum P, in the bow area, in MPa 
10.6.2 In hull areas other than those covered by 10.6.1, 


the design load patch has dimensions of width, wyg, and 
height, byg, defined as follows: 


F, 
Wnge = -NB 
Qng 
WNB 
b =m 
j 3,6 
where 
Fug = force determined using 10.5.1(a), in MN 
Qyug = line load determined using 10.5.1(b), in MN/m. 


10.7 Pressure within the design load patch 


10.7.1 The average pressure, P,, within a design load 
patch is determined as follows: 
P, = —— MPa 
bw 
where 
F = Fp or Fup as appropriate for the hull area under 
consideration, in MN 
b = bB or byg as appropriate for the hull area under 


consideration, in metres 
W = Wp OF Wyp aS appropriate for the hull area under 
consideration, in metres. 


10.7.2 Areas of higher, concentrated pressure exist within 
the load patch. In general, smaller areas have higher local 
pressures. Accordingly, the peak pressure factors listed in 
Table 2.10.2 are used to account for the pressure concentra- 
tion on localized structural members. 


10.8 Hull area factors 


10.8.1 Associated with each hull area is an area factor that 
reflects the relative magnitude of the load expected in that 
area. The area factor, AF, for each hull area is listed in 
Table 2.10.3. 


10.8.2 In the event that a structural member spans across 
the boundary of a hull area, the largest hull area factor is to 
be used in the scantling determination of the member. 


10.8.3 Due to their increased manoeuvrability, ships 
having propulsion arrangements with azimuthing thruster(s) or 
podded propellers shall have specially considered stern 
icebelt, S;, and stern lower, Sj, hull area factors. 


Table 2.10.2 Peak pressure factors 


Structural member 
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10.9 Shell plate requirements 
10.9.1 The required minimum shell plate thickness, t, is given 
t = bhett mm 


thet = Plate thickness required to resist ice loads 
according to 10.9.2, in mm 


ts = corrosion and abrasion allowance according to 
10.16, in mm. 
10.9.2 The thickness of shell plating required to resist the 


design ice load, tye, depends on the orientation of the 
framing. The plating, including all bottom plating, i.e. plating in 
hull areas Bip, Mp and Sp, the net thickness is given by 
Table 2.10.4. 


10.10 Framing - General 


10.10.71 Framing members of Polar class ships are to be 
designed to withstand the ice loads defined in 10.2. 


10.10.2 The term ‘framing member’ refers to transverse and 
longitudinal local frames, load-carrying stringers and web 
frames in the areas of the hull exposed to ice pressure, see 
Fig. 2.10.1. Where load-distributing stringers have been fitted, 
the arrangement and scantlings of these are to be suitably 
designed. 


10.10.3 The strength of a framing member is dependent 
upon the fixity that is provided at its supports. Fixity can be 
assumed where framing members are either continuous 
through the support or attached to a supporting section with 
a connection bracket. In other cases, simple support is to be 
assumed unless the connection can be demonstrated to 
provide significant rotational restraint. Fixity is to be ensured at 
the support of any framing which terminates within an ice- 
strengthened area. 


10.10.4 The details of framing member intersection with 
other framing members, including plated structures, as well 
as the details for securing the ends of framing members at 
supporting sections, are to be in accordance with Pt 3, 
Ch 10. 


Peak pressure factor, K; 


Plating 


Transversely framed 
Longitudinally framed 


Frames in transverse framing systems 


With load distributing stringers 
With no load distributing stringers 


Load carrying stringers 
Side and bottom longitudinals 
Web frames 


if Sy > 0,5w 


if Sy < 0,5w 


Symbols 


frame or longitudinal spacing, in metres 
web frame spacing, in metres 
ice load patch width, in metres 
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Table 2.10.3 Hull area factors (AF) 


Polar class 


Hull area 
PC4 PC5 PC6 PC7 


All 1,00 1,00 1,00 1,00 


cebelt j ; 0,80 0,80 1,00 1,00 
see Note 1 | see Note 1 


Bow intermediate Lower ; ; 0,60 0,55 0,55 0,50 
(Bi) 


Bottom ; 0,40 0,35 0,30 0,25 


cebelt ; 0,55 0,50 0,45 0,45 


Midbody Lower i 0,35 0,30 0,25 0,25 
(M) 


Bottom ; ; see Note 2 | see Note 2 | see Note 2 | see Note 2 


cebelt i ; ; 0,60 0,50 0,40 0,35 


Lower ; f j 0,25 0,25 


Bottom ; see Note 2 | see Note 2 


NOTES 
1. See 10.2.3. 
2. Indicates that strengthening for ice loads is not necessary. 


Table 2.10.4 Shell plate thickness 


Obliquely framed 


Transversely framed plating plating 


Longitudinally framed plating 


Q < 20° 
70° > Q > 20° 


linear interpolation 


Symbols 


smallest angle between the chord of the waterline and the line of the first level framing as illustrated in Fig. 2.10.3, in degrees 
transverse frame spacing in transversely-framed ships or longitudinal frame spacing in longitudinally-framed ships, in metres 
hull area factor from Table 2.10.3 

peak pressure factor from Table 2.10.2 

average patch pressure according to 10.7.1, in MPa 

minimum upper yield stress of the material, in N/mm2 


height of design load patch, in m, where b < J— a in the case of transversely framed plating 


distance between frame supports, i.e. equal to the frame span as given in 10.10.5, but not reduced for any fitted end brackets, 
in metres. When a load-distributing stringer is fitted, the length, Z, need not be taken larger than the distance from the stringer 
to the most distant frame support 


10.10.5 The design span of a framing member is to be 
determined on the basis of its moulded length. If brackets are 
fitted, the design span may be reduced in accordance with 
Pt 3, Ch3. 
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frames 


waterline 


view normal to shell view normal to shell 


Fig. 2.10.3 Shell framing angle Q 


10.10.6 When calculating the section modulus and shear te = corrosion deduction, in mm, to be subtracted from 
area of a framing member, the net thicknesses of the web, the web and flange thickness (as specified in 
flange (if fitted) and attached shell plating are to be used. The Table 2.10.5, but not less than ts as required by 
shear area of a framing member may include that material 10.16.3) 

contained over the full depth of the member, i.e. web area $w = smallest angle between shell plate and stiffener 
including portion of flange, if fitted, but excluding attached web, measured at the midspan of the stiffener, see 
shell plating. Fig. 2.10.4. The angle my may be taken as 90° 


provided the smallest angle is not less than 75°. 


10.10.7 The actual net effective shear area, Aw, of a framing 
member is given by: 


Oy Table 2.10.5 Corrosion deductions for web and 
Aw = A twn sin (a) cms flange thickness 
where Corrosion 
h = height of stiffener, in mm, see Fig. 2.10.4 Category ee 
twn = net web thickness, in mm oe 
=ty-to Ballast water Within 3 m below the top of 4,0 
ty = as built web thickness, in mm, see Fig. 2.10.4 tanks tank, see Note 


Elsewhere 


Cargo oil tanks | Within 3 m below the top of 
tank, see Note 


Elsewhere 


Heated cargo Within 3 m below the top of 
oil tanks tank, see Note 


Elsewhere 


Void spaces Spaces not normally 
accessed, e.g. access only 
via bolted manhole openings, 
pipe tunnels, etc. 


Dry spaces Internals of machinery spaces, 
pump room, store rooms, 
steering gear space, etc. 


NOTE 
Only applicable to cargo and ballast tanks with weather deck as the 
tank top. 


Fig. 2.10.4 Stiffener geometry 
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10.10.8 When the cross-sectional area of the attached plate 
flange exceeds the cross-sectional area of the local frame, the 
actual net effective plastic section modulus, Zp, is given by: 


Z Z Apn ton Ay? twn SINQw 
P 20 2000 
Ain (Hic SIN@y = Dw COS@,y) 3 
10 
where 

Apn = net cross-sectional area of attached plate, in cm? 
(equal to 10s ton» but not to be taken greater than 

the net cross-sectional area of the local frame) 
ton = fitted net shell plate thickness, in mm, (shall comply 


with thet as required by 10.9.2) 
hy = height of local frame web, in mm, see Fig. 2.10.4 


Am = net cross-sectional area of local frame flange, in 
cm2 

his = height of local frame measured to centre of the 
flange area, in mm, see Fig. 2.10.4 

by = distance from mid thickness plane of local frame 


web to the centre of the flange area, in mm, see 
Fig. 2.10.4 

h, ty, tg and @w are as given in 10.10.7 

s as given in 10.9.2. 


10.10.9 When the cross-sectional area of the local frame 
exceeds the cross-sectional area of the attached plate flange, 
the plastic neutral axis is located a distance Z,, above the 
attached shell plate, given by: 
100 Am + Aw twn = 1000tpn S 

2twn 


Zna = 


and the net effective plastic section modulus, Z,, is given by: 


(Aw -= Zna)? t Zaa) twn SINPw + 
2000 
) cms 


10.10.10 In the case of oblique framing arrangement 
(70° > Q > 20°, where Q is defined as given in 10.9.2), linear 
interpolation is to be used. 


Zo = ton S Zna SINQy + ( 


Am (Hic G Zna) SINPw = Dw COSP) 
10 


10.11 Framing - Transversely-framed side 
structures and bottom structures 
10.11.1 The local frames in transversely-framed side 


structures and in bottom structures (i.e. hull areas Bip, Mp and 
Sp) are to be dimensioned such that the combined effects of 
shear and bending do not exceed the plastic strength of the 
member. The plastic strength is defined by the magnitude of 
midspan load that causes the development of a plastic 
collapse mechanism. 
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10.11.2 The actual net effective shear area of the frame, Aw, 
as defined in 10.10.7, is to comply with the following 
condition: 


Aw 2 At 
where 
A, = 50004 s Ae nE cm? 
0,5770% 
l = length of loaded portion of span, in metres 


= need not exceed the lesser of a and b 


a = frame span as defined in 10.10.5, in metres 
b = height of design ice load patch according to 10.6, 
in metres 
s = transverse frame spacing, in metres 
AF = hull area factor from Table 2.10.3 
Ką = peak pressure factor from Table 2.10.2 
P, = average pressure within load patch according to 
2.10.7, in MPa 
Oy = minimum upper yield stress of the material, in 
N/mm2 


10.11.3 The actual net effective plastic section modulus of 
the plate/stiffener combination, Zp as defined in 10.10.8 or 
10.10.9, is to comply with the following conditions and is to 
be the greatest of the two load conditions: 

(a) ice load acting at the midspan of the transverse frame, 


and 
(b) the ice load acting near a support. 
Zp 2 Zot 
where 
1008 I, Ys AFK, PaaA 
Zp = Le toa 1 m3 
40y 
puga 
2a 
A, = reflects the two conditions and is to be taken as the 
greater of A44 or Aip 
1 
a S pe igen 
+ t a 
INg ( : ) 
1 
a 2a, Y 
Ain = 
0,275 + 1,44k,0.7 
j = 1 for framing with one simple support outside the 
ice strengthened areas 
= 2 for framing without any simple supports 
At 
a = Ay 
At = rule minimum shear area of transverse frame as 


given in 10.11.2, in cm? 
Aw = effective net shear area of transverse frame 
(calculated according to 10.10.7), in cm2 


1 


ky = — 5 
í 14 An 
Aw 

Ain = as given in 10.10.8 


n 
k = Z in general 
= 0 when the frame is arranged with end bracket 
Zp = sum of individual plastic section modulii of flange 
and shell plate as fitted, in cm3 
bs tin + De ton? 
_ 4 4 
1000 
b; = flange breadth, in mm, see Fig. 2.10.4 
tf, = net flange thickness, in mm 


= tte 
te = as given in 10.10.7 
as-built flange thickness, in mm, see Fig. 2.10.4 
the fitted net shell plate thickness, in mm, but is not 


n 
á to be less than t, as given in 10.9 
bẹ = effective width of shell plate flange, in mm 
= 500s 

Zo = het effective plastic section modulus of transverse 
frame (calculated according to 10.10.8 or 10.10.9), 
in cm3 

AF, Ky, Pa, l, b, S, a and Oy are as given in 10.11.2. 


10.11.4 The scantlings of the frame are to meet the struc- 
tural stability requirements of 10.14. 


10.12 Framing - Side longitudinals (longitudinally 
framed ships) 
10.12.17. Side longitudinals are to be dimensioned such that 


the combined effects of shear and bending do not exceed the 
plastic strength of the member. The plastic strength is defined 
by the magnitude of midspan load that causes the develop- 
ment of a plastic collapse mechanism. 


10.12.2 The actual net effective shear area of the frame, Aw, 
as defined in 10.10.7, is to comply with the following 
condition: 


Aw 2 AL 
where 
5000 AF K, Pa b4 a 
AL cm? 
0,5770% 
AF = hull area factor from Table 2.10.3 
K, = peak pressure factor from Table 2.10.2 
P, = average pressure within load patch according to 
10.7.1, in MPa 
B, =k bə m 
0,3 
k =1-— 
(0) b' 
b = D. 
S 
b = height of design ice load patch from 10.6, in metres 
S = spacing of longitudinal frames, in metres 
by = b(1-0,25b’) m if b'<2 
=sm ifb'>2 
a = longitudinal design span as given in 10.10.5, in 
metres 
Oy = minimum upper yield stress of the material, in 
N/mm2 


47 


Part 8, Chapter 2 


10.12.3 The actual net effective plastic section modulus of 
the plate/stiffener combination, Zp, as defined in 10.10.8 or 
10.10.9, is to comply with the following condition: 


Zp 2 Zoi 
where 
100° AF K, Pa b4 a2 A4 3 
pL = 80. Sm 
y 
2+ku(\1-a42-1) 
AL 
a, =y 
4 Ag 
AL = rule minimum shear area for longitudinal as given in 


10.12.2, in cm2 
Aw = net effective shear area of longitudinal (calculated 
according to 10.10.7), in cm2 


ky = 
wl Fak Ain 
Aw 
Ain = as given in 10.10.8 
AF, Kg, Pa 64, a and oy are as given in 10.12.2. 


10.12.4 The scantlings of the longitudinals are to meet the 
structural stability requirements of 10.14. 


10.13 Framing - Web frame and load carrying 
stringers 
10.13.71 Web frames and load-carrying stringers are to be 


designed to withstand the ice load patch as defined in 10.7. 
The load patch is to be applied at locations where the 
capacity of these members under the combined effects of 
bending and shear is minimised. 


10.13.2 Web frames and load-carrying stringers are to be 
dimensioned to take into account the combined effects of 
shear and bending. Where these members form part of a 
structural grillage system, appropriate methods of analysis are 
to be used. Where the structural configuration is such that 
members do not form part of a grillage system, the appropri- 
ate peak pressure factor, Kj, from Table 2.10.2 is to be used. 
Special attention is to be paid to the shear capacity in way of 
lightening holes and cut-outs in way of intersecting members. 


10.13.3 The scantlings of web frames and load-carrying 
stringers are to meet the structural stability requirements of 
10.14. 


10.14 Framing - Structural stability 

10.14.71 To prevent local buckling in the web, the ratio of 

web height, hy, to net web thickness, ty,, of any framing 

member is not to exceed: 
h 


For flat bar sections: < 282 
wn Oy 
hw < 805 


For bulb, tee and angle sections: 


where 


Chapter 2 


Ay = web height 
twn = net web thickness 
Oy = minimum upper yield stress of the material, in 


N/mm2 


10.14.2 Framing members for which it is not practicable to 
meet the requirements of 10.14.1 (e.g. load carrying stringers 
or deep web frames) are required to have their webs 
effectively stiffened. The scantlings of the web stiffeners are 
to ensure the structural stability of the framing member. The 
minimum net web thickness for these framing members is 
given by: 


fo 
twn = 263x1080] ——— n7; mM 
5,34+4 (=) 
C2 
where 
cy, =hy-0,8h mm 
hy = web height of stringer/web frame, in mm, see 
Fig. 2.10.5 
h = height of framing member penetrating the member 
under consideration (to be taken as zero if no such 
framing member is fitted), in mm, see Fig. 2.10.5 
Cy = spacing between supporting structure oriented 
perpendicular to the member under consideration, 
in mm, see Fig. 2.10.5 
Oy = minimum upper yield stress of the material, in 


N/mm2 


5 z: | 


Fig. 2.10.5 Parameter definition for web stiffening 


10.14.3 In addition, the following is to be satisfied: 


O, 
tun > 0,35tn A 
ue Pn \ 235 


where 
Oy = minimum upper yield stress of the material, in 
N/mm2 
twn = net thickness of the web, in mm 
ton = net thickness of the shell plate in way the framing 
member, in mm. 
10.14.4 To prevent local flange buckling of welded profiles, 


the following are to be satisfied: 

(a) The flange width, 6;, in mm, is not to be less than five 
times the net thickness of the web, twn- 

(b) The flange outstand, bo, in mm, is to meet the following 

requirement: 


155 


tn Safo 
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where 
tf, = net thickness of flange, in mm 
Oy = minimum upper yield stress of the material, in 
N/mm2. 
10.15 Plated structures 
10.15.1 Plated structures are those stiffened plate elements 


in contact with the hull and subject to ice loads. These 

requirements are applicable to an inboard extent which is the 

lesser of: 

(a) web height of adjacent parallel web frame or stringer; or 

(b) 2,5 times the depth of framing that intersects the plated 
structure. 


10.15.2 The thickness of the plating and the scantlings of 
attached stiffeners are to be such that the degree of end fixity 
necessary for the shell framing is ensured. 


10.15.3 The stability of the plated structure is to adequately 
withstand the ice loads defined in 10.7. 


10.16 Corrosion/abrasion additions and steel 
renewal 
10.16.1 Effective protection against corrosion and ice- 


induced abrasion is recommended for all external surfaces of 
the shell plating for all Polar ships. 


10.16.2 The values of corrosion/abrasion additions, tę, to be 
used in determining the shell plate thickness for each Polar 
Class are listed in Table 2.10.6. 


10.16.3 Polar ships are to have a minimum corrosion/ 
abrasion addition of t = 1,0 mm applied to all internal 
structures within the ice strengthened hull areas, including 
plated members adjacent to the shell, as well as stiffener 
webs and flanges. 


10.16.4 Steel renewal for ice strengthened structures is 
required when the gauged thickness is less than tp + 0,5 mm. 


10.17 Materials 

10.17.17. Plating materials for hull structures are to be not 
less than those given in Tables 2.10.8 to 2.10.11 based on 
the as-built thickness of the material, the Polar ice class 
notation assigned to the ship and the material class of 
structural members given in Table 2.10.7. 


10.17.2 Material classes specified in Table 2.2.1 in Pt 3, 
Ch 2, are applicable to polar ships regardless of the ship's 
length. In addition, material classes for weather and sea 
exposed structural members and for members attached to 
the weather and sea exposed shell plating of polar ships are 
given in Table 2.10.7. Where the material classes in 
Table 2.10.7 and those in Table 2.2.1 in Pt 3, Ch 2 differ, the 
higher material class is to be applied. 


Table 2.10.6 
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Corrosion/abrasion additions for shell plating 


Hull area With effective protection 


Without effective protection 


PC1 - PC3 


PC4 and PC5 


PC6 and PC7 


PC1 - PC3 PC4 and PCS PC6 and PC7 


Bow; Bow Intermediate 


cebelt 3,5 


2,5 


2,0 7,0 5,0 4,0 


Bow Intermediate Lower; 
Midbody & Stern Icebelt 


Midbody and Stern Lower; 
Bottom 


Other Areas 


Table 2.10.7 
members of polar ships 


Structural members 


Material classes for structural 


Material Class 


Shell plating within the bow and bow intermedi- 
ate icebelt hull areas (B, By) 


Plating materials for stem and stern frames, 
rudder horn, rudder, propeller nozzle, shaft 
brackets, ice skeg, ice knife and other 
appendages subject to ice impact loads 


All weather and sea exposed SPECIAL, as 
defined in Table 2.2.1 in Pt 3, Ch 2, structural 
members within 0,2L from FP 


All weather and sea exposed SECONDARY and 
PRIMARY, as defined in Table 2.2.1 in Pt 3, Ch 2, 
structural members outside 0,4L amidships 


All inboard framing members attached to the 
weather and sea-exposed plating including any 
contiguous inboard member within 600 mm of 
the shell plating 


Weather-exposed plating and attached framing 
in cargo holds of ships which by nature of their 
trade have their cargo hold hatches open 
during cold weather operations 


Steel grades according to 10.17.4 


10.17.3 Steel grades for all plating and attached framing of 
hull structures and appendages situated below the level of 
0,3 m below the lower waterline, as shown in Fig. 2.10.6, are 
to be obtained from Table 2.2.2 in Pt 3, Ch 2, based on the 
material class for Structural Members in Table 2.10.7 above, 
regardless of Polar Class. 


10.17.4 Steel grades for all weather exposed plating of hull 
structures and appendages situated above the level of 0,3 m 
below the lower ice waterline, as shown in Fig. 2.10.6, are to 
be not less than given in Table 2.10.8 to Table 2.10.10. 


10.17.5 Steel grades for all inboard framing members 
attached to weather exposed plating are to be not less than 
given in Table 2.10.11. This applies to all inboard framing 
members as well as to other contiguous inboard members 
(e.g. bulkheads, decks) within 600 mm of the exposed plating. 


10.17.6 Castings are to have specified properties consis- 
tent with the expected service temperature for the cast 
component. 


10.18 Longitudinal strength - Application 

10.18.71 Ice loads need only be combined with still water 
loads. The combined stresses are to be compared against 
permissible bending and shear stresses at different locations 
along the ship's length. In addition, sufficient local buckling 
strength is also to be verified. 


Lower ice WL 


Steel grades according to 10.17.3 


Fig. 2.10.6 Steel grade requirements for submerged and weather exposed shell plating 
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Table 2.10.8 


Thickness, 
t mm 


Steel grades for weather exposed plating 


Material Class | 


PC6 and 7 


z 
n 


HT 


= 
n 


HT 


t<10 


AH 


AH 


10<t<15 


AH 


AH 


15<t<20 


DH 


AH 


20<t<25 


DH 


AH 


25 <t<30 


DH 


AH 


30 <t<35 


DH 


AH 


35 <t< 40 


DH 


DH 


40<t<45 


EH 


DH 


45 <t<50 


m/m;/O;JO;JO;/O;O;W]w 


EH 


UO/VUs/VUs/WO/WO\/oO\;W\wWl}w 


DH 


NOTE 


Includes weather exposed plating of hull structures and appendages, as well as their outboard framing members, situated above a level of 
0,3 m below the lowest ice waterline. 


Table 2.10.9 


Thickness, 
t mm 


Steel grades for weather exposed plating 


Material Class Il 


= 
n 


PC6 and 7 


t<10 


10<t<15 


15<t<20 
20<t<25 


DH 


25 <t<30 


EH, see Note 2 


30 <t<35 


EH 


35 <t< 40 
40<t<45 


DH 


45 <t<50 


EH 


o| UOJ UO] UO] UO} w| DW] w| Ww 


DH 


NOTES 


1. Includes weather exposed plating of hull structures and appendages, as well as their outboard framing members, situated above a level 
of 0,3 m below the lowest ice waterline. 
2. Grades D, DH are allowed for a single strake of side shell plating not more than 1,8 m wide from 0,3 m below the lowest ice waterline. 


50 


Table 2.10.10 


Thickness, 


Steel grades for weather exposed plating 
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Material Class III 


t mm 


PC4 and 5 


PC6 and 7 


z 
n 


HT 


z 
n 


HT 


= 
n 


HT 


t<10 


EH 


EH AH 


10<t<15 


EH 


EH DH 


15<t<20 


EH 


EH DH 


20<t<25 


EH 


EH DH 


25<t<30 


EH 


EH EH 


30 <t<35 


EH 


EH EH 


35<t<40 


FH 


EH EH 


40 <t<45 


FH 


EH EH 


45 <t<50 


T)m) T mM} mM} my} my] m 


FH 


TY} mi My} my My my my) my m 


mM] ™m}]mjmyjmyj OO; OO} OO}; © 


FH 


EH 


NOTE 


Includes weather exposed plating of hull structures and appendages, as well as their outboard framing members, situated above a level of 
0,3 m below the lowest ice waterline. 


Table 2.10.11 


Thickness, 
t mm 


PC1 - PC5 


Steel grades for inboard framing members attached to weather exposed plating 


PC6 and 7 


t<20 


20<t<35 


35 <t< 45 


10.19 


10.19.1 


Design vertical ice force at the bow 


The design vertical ice force at the bow, Fyp, is to 


be taken as the lesser of Fig 4 or Fip 9: 


Figi = 
Fipo = 
where 

Ki = 


0,534C, K015 sin®2 (y) 4fDK, MN 
1,2Cp MN 


indentation parameter 
Ki 

Kh 
for blunt bow forms: 


2C BÜ - €b) \0,9 
o | — W )\" -0,9(1 + ep) 
j ( 1+ €b ) tan 3) 


for wedge bow forms (a < 80 deg), ep = 1 and the 
above simplifies to: 


tan(a) \0.9 
ns ry, 
0,01Awp MN/m 


= longitudinal strength class factor from Table 2.10.1 


bow shape exponent which best describes the 
waterplane (see Figs. 2.10.7 and 2.10.8). 
An approximate ep determined by a simple fit is 


acceptable 

1,0 for a simple wedge bow form 
0,4 to 0,6 for a spoon bow form 

(0 for a landing craft bow form 
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Ys 


A 


A 


wp 


Cr 


stem angle to be measured between the horizontal 
axis and the stem tangent at the upper ice water- 
line, in degrees (buttock angle as per Fig. 2.10.2 
measured on the centreline) 


1 


2 c eb 
B 


= ship moulded breadth, in metres 


bow length, in m, used in the equation: 


y= te (see Figs. 2.10.7 and 2.10.8) 
2 (Fs) 
Lg 


ship displacement, in kilo tonnes, not to be taken 
less than 10 

ship waterplane area, in m2 

flexural failure class factor from Table 2.10.1 


Where applicable, draught dependent quantities are to be 
determined at the waterline corresponding to the loading 
condition under consideration. 
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y = + B/2 (x/Lp)® 


Ice waterline 


Spoon bow 


Ice waterline 


Wedge bow 


Fig. 2.10.7 Bow shape definition 


Exponential bow shapes 


y = B/2 (x/Lp)® 


Fig. 2.10.8 


10.20 Design vertical shear force 
10.20.17 The design vertical ice shear force, Fy, along the hull 
girder is to be taken as: 
Fy = C; Fig MN 
where 
C; = longitudinal distribution factor to be taken as 
follows: 
(a) Positive shear force 
Cs; = 0,0 between the aft end of L and 0,6L from aft 
C; = 1,0 between 0,9L from aft and the forward end of L 
(b) Negative shear force 
C; = 0,0 at the aft end of L 
C; = -0,5 between 0,2L and 0,6L from aft 
C; = 0,0 between 0,8L from aft and the forward end of L 


Intermediate values are to be determined by linear interpola- 
tion. 
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Illustration of effect on the bow shape e,, for B = 20 and Lz = 16 


10.20.2 The applied vertical shear stress, tą, is to be deter- 
mined along the hull girder in a similar manner as in Pt 3, 
Ch 4 by substituting the design vertical ice shear force for the 
design vertical wave shear force. 


10.21 Design vertical ice bending moment 


10.27.17 The design vertical ice bending moment, My, along 
the hull girder is to be taken as: 


M; = 0,1 Cm L sin-2(y,) Fig MNm 
where 
L = ship length (as defined in Pt 3, Ch 1,6.1.1), in 


metres 
Ystem = as given in 10.19.1 
= design vertical ice force at the bow, in MN 
longitudinal distribution factor for design vertical ice 
bending moment to be taken as follows: 
Cm = 0,0 at the aft end of L 
Cm = 1,0 between 0,5L and 0,7L from aft 
Cm = 0,3 at 0,95L from aft 
Cm = 0,0 at the forward end of L 


Intermediate values are to be determined by linear 
interpolation. 

Where applicable, draught dependent quantities are to be 
determined at the waterline corresponding to the loading 
condition under consideration. 


10.21.2 The applied vertical bending stress, o,, is to be 
determined along the hull girder in a similar manner as in Pt 3, 
Ch 4, by substituting the design vertical ice bending moment 
for the design vertical wave bending moment. The ship still 
water bending moment is to be taken as the maximum 
sagging moment. 


10.22 Longitudinal strength criteria 

10.22.17 The strength criteria provided in Table 2.10.12 are 
to be satisfied. The design stress is not to exceed the permis- 
sible stress. 


Table 2.10.12 Longitudinal strength criteria 


Permissible 
stress 


Permissible 


Failure mode Applied 


stress O 
— 30,7 
Ou 


Tension n 0,41 (0u + oy) 


n 0,41(6y + oy) 
{3 


for plating and for web 
plating of stiffeners 


Shear 


Buckling for stiffeners 


fey 
1,1 


To 


Symbols 


applied vertical bending stress, in N/mm2 

applied vertical shear stress, in N/mm2 

minimum upper yield stress of the material, in N/mm2 
ultimate tensile strength of material, in N/mm?2 

critical buckling stress in compression, according to 
Pt 3, Ch 4, in N/mm? 

critical buckling stress in shear, according to Pt 3, 
Ch 4, in N/mm? 

0,8 


10.23 Stem and stern frames 

10.23.1 The stem and stern frame are to be suitably 
designed. The stem and stern requirements of the Finnish- 
Swedish Ice Class Rules are to be additionally considered, 
see Section 1. 


10.24 Appendages 

10.24.1 All appendages are to be designed to withstand 
forces appropriate for the location of their attachment to the 
hull structure or their position within a hull area. 
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10.25 Local details 

10.25.71 Local design details are to be suitably designed to 
transfer ice-induced loads to supporting structure (bending 
moments and shear forces). 


10.25.2 The loads carried by a member in way of cut-outs 
are not to cause instability. Where necessary, the structure is 
to be stiffened. 


10.26 Direct calculations 
10.26.1 Direct calculations are not to be utilised as an alter- 
native to the analytical procedures prescribed in this Section. 


10.26.2 Where direct calculation is used to check the 
strength of structural systems, the load patch specified in 
10.2 is to be applied. 


10.27 Welding 


10.27.17 All welding within ice-strengthened areas is to be of 
the double continuous type. 


10.27.2 Continuity of strength is to be ensured at all struc- 
tural connections. 


a Section 11 
Machinery strengthening 
requirements for navigation in 
multi-year ice conditions - Ice 
Classes PC1, PC2, PC3, PC4, PC5, 
PC6 and PC7 

11.1 Application 

11.1.1 The contents of this Section apply to main 


propulsion, steering gear, emergency and essential auxiliary 
systems essential for the safety of the ship and the survivabil- 
ity of the crew. 


11.2 Drawings and particulars to be submitted 
11.2.1 The following drawings and particulars to be 
submitted: 


(a) Details of the environmental conditions and the required 
ice class for the machinery, if different from ship's ice 
class. 

Detailed drawings of the main propulsion machinery. 
Description of the main propulsion, steering, emergency 
and essential auxiliaries are to include operational 
limitations. Information on essential main propulsion load 
control functions. 

Description detailing how main, emergency and auxiliary 
systems are located and protected to prevent problems 
from freezing, ice and snow and evidence of their 
capability to operate in intended environmental conditions. 


(b) 
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(d) Calculations and documentation indicating compliance 


with the requirements of this Section. 


11.3 System design 

11.3.1 Systems, subject to damage by freezing, are to be 
drainable. 

11.3.2 Single screw vessels classed PC1 to PCS inclusive 


are to have means provided to ensure sufficient vessel oper- 
ation in the case of propeller damage including CP 
mechanism. 


11.4 Materials exposed to sea water 

11.4.1 Materials exposed to sea water, such as propeller 
blades, propeller hub and blade bolts are to have an elonga- 
tion not less than 15 per cent on a test piece the length of 
which is five times the diameter. Charpy V impact test are to 
be carried out for other than bronze and austenitic steel 
materials. Test pieces taken from the propeller castings are 
to be representative of the thickest section of the blade. An 
average impact energy value of 20 J taken from three Charpy 
V tests is to be obtained at minus 10°C. 


11.5 Materials exposed to sea water temperature 
11.5.1 Materials exposed to sea water temperature are to 
be of steel or other approved ductile material. An average 
impact energy value of 20 J taken from three tests is to be 
obtained at minus 10°C. 


11.6 Materials exposed to low air temperature 
11.6.1 Materials of essential components exposed to low 
air temperature shall be of steel or other approved ductile 
material. An average impact energy value of 20 J taken from 
three Charpy V tests is to be obtained at 10°C below the 
lowest design temperature. See also The Provisional Rules for 
the Winterisation of Ships. 


11.7 Propeller ice interaction 

11.7.1. These Rules cover open and ducted type propellers 
situated at the stern of a vessel having controllable pitch or 
fixed pitch blades. Ice loads on bow propellers and pulling 
type propellers are to receive special consideration. The given 
loads are expected, single occurrence, maximum values for 
the whole ship's service life for normal operational conditions. 
These loads do not cover off-design operational conditions, 
for example when a stopped propeller is dragged through ice. 
These Rules apply also for azimuthing (geared and podded) 
thrusters considering loads due to propeller ice interaction. 
However, ice loads due to ice impacts on the body of 
azimuthing thrusters are not covered by this Section. 


11.7.2 The loads given in 11.7 are total loads (unless 
otherwise stated) during ice interaction and are to be applied 
separately (unless otherwise stated) and are intended for 
component strength calculations only. The different loads 
given here are to be applied separately. 
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11.7.3 Fẹ is a force bending a propeller blade backwards 
when the propeller mills an ice block while rotating ahead. F 
is a force bending a propeller blade forwards when a propeller 
interacts with an ice block while rotating ahead. 


11.8 Ice class factors 


11.8.1 Table 2.11.1 lists the design ice thickness and ice 


strength index to be used for estimation of the propeller ice 
loads. 


Table 2.11.1 Propeller ice loads index 


Ice Class 


Hice: in metres 


PC1 4,0 
3,5 
3,0 
2,5 
2,0 
1,75 
1,5 


ice thickness for machinery strength design 
ice strength index for blade ice force 
rength index for blade ice torque 


11.9 Design ice loads for open propeller 
11.9.1 The maximum backward blade force, Fp, is to be 
taken as: 


when D < Diimit 


0,3 
Fe = O78, « ino ( =) D2 kN 


when D = Diimit 


EAR \08 
Fy = 088 inope7( =) (Hoe) t4D kN 
where 
Dimit = 0,85 (Hice) "4 


n = the nominal rotational speed (at MCR free running 
condition) for CP-propeller and 85 per cent of the 
nominal rotational speed (at MCR free running 
condition) for a FP-propeller (regardless of driving 
engine type) 


11.9.2 Fẹ is to be applied as a uniform pressure distribu- 
tion to an area on the back (suction) side of the blade for the 
following load cases: 

(a) Load case 1: from 0,6R to the tip and from the blade 
leading edge to a value of 0,2 chord length 

Load case 2: a load equal to 50 per cent of the Fẹ is to 
be applied on the propeller tio area outside of 0,9R 
Load case 5: for reversible propellers, a load equal to 
60 per cent of the F, is to be applied from 0,6R to the 
tip and from the blade trailing edge to a value of 
0,2 chord length. 

See load cases 1, 2, and 5 in Table 2.11.4. 


11.9.3 
taken as: 
when D < Diimit 


F; = 250 (73 |D2 kN 
koo 


The maximum forward blade force, F;, is to be 


when D = Diimit 


1 EAR 
Fe S800 p=" =e ea kN 
D 

d = propeller hub diameter, in metres 

D = propeller diameter, in metres 
EAR = expanded blade area ratio 

Z = number of propeller blades. 
11.9.4 F, is to be applied as a uniform pressure distribu- 


tion to an area on the face (pressure) side of the blade for the 
following loads cases: 

(a) Load case 3: from 0,6R to the tip and from the blade 
leading edge to a value of 0,2 chord length. 

Load case 4: a load equal to 50 per cent of F; is to be 
applied on the propeller tio area outside of 0,9R. 

Load case 5: for reversible propellers a load equal to 
60 per cent of F; is to be applied from 0,6R to the tip and 
from the blade trailing edge to a value of 0,2 chord 
length. 

See load cases 3, 4 and 5 in Table 2.11.4. 


11.9.5 The blade spindle torque, Qgma,, around the 
spindle axis of the blade fitting is to be calculated both for the 
load cases described in 11.9.1 and 11.9.3 for Fp and F;. If 
these spindle torque values are less than the default value 
given below, the default minimum value is to be used: 


Qsmax = 0,25FCo7 kNm 
where 
Co,7 = length of the blade chord at 0,7RF radius, in m 
F = Fy or Fs whichever has the greater absolute value. 
11.9.6 |The maximum propeller ice torque applied to the 


propeller is to be taken as: 


when D< Diimit 
a P.~\0,167 t \ 0,6 
Qmax = 105 ( > 7, )Saice( =E) Coa (nD)0.17 


D3 kNm 


when D = Diimit 
d Po 7 \O16 / to7 \ 06 
Qmax = 202(1 ie p ) Saroe Mee (3) ra 


(nb)17 D19 kNm 


where 
Dimt = 1,81Hice 
Sgice = ice strength index for blade ice torque 


Poz = propeller pitch at 0,7R, in m 

= for CP propellers, Pp 7 is to correspond to MCR in 
bollard condition. If not known, Po,7 is to be taken 
as 0,7P9 7 

= propeller pitch at MCR free running condition 

toz = maximum thickness at 0,7R 

= the rotational propeller speed, in rps, at bollard 
condition. If not known, n is to be taken as follows: 
for CP propellers and FP propellers driven by 
turbine or electric motor =n, 
for FP propellers driven by diesel engine = 0,85n, 
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nN, = the nominal rotational speed at MCR, free running 
condition. 

11.9.7 The maximum propeller ice thrust applied to the 
shaft is to be taken as: 

Ti = 1 JTF; 

Tp = 1 AES 
11.10 Design ice loads for ducted propellers 
71.10.71 The maximum backward blade force, Fy is to be 
taken as: 


when D < Diimit 
EAR \0.3 
Fy = -9,5 Sie (F) (nb)? D2 


when D = Diimit 


EAR \0.3 
Fy = -66 Sige (es ) (nD)9.7 D°.6 (Hice) 14 
where 
Dimt = 4 Hice 
n =asin11.9.1 


11.10.2 Fẹ is to be applied as a uniform pressure distribu- 
tion to an area on the back side for the following load cases: 
(a) Load case 1: on the back of the blade from 0,6R to the 
tip and from the blade leading edge to a value of 
0,2 chord length 

Load case 5: for reversible rotation propellers a load 
equal to 60 per cent of Fp is applied on the blade face 
from O,6R to the tip and from the blade trailing edge to a 
value of 0,2 chord length. 

See load cases 1 and 5 in Table 2.11.5. 


(b) 


11.10.38 The maximum forward blade force, F;, is to be 
taken as: 
when D < Diimit 
EAR 
F, = 250 (oa kN 


when D > Diimit 


F; = 


11.10.4 F, is to be applied as a uniform pressure distribu- 
tion to an area on the face (pressure) side for the following 
load cases: 

(a) Load case 3: on the blade face from 0,6R to the tip and 
from the blade leading edge to a value of 0,5 chord 
length. 

Load case 5: a load equal to 60 per cent F; is to be 
applied from 0,6R to the tip and from the blade leading 
edge to a value of 0,2 chord length. 

See load cases 3 and 5 in Table 2.11.5. 


(b) 
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11.10.5 The maximum propeller ice torque, Qmax applied 
to the propeller is to be taken as: 
when D < Diimit 


d\/P 0,16 7 toz \06 
Qmax = 74 (1 mall P) Ga (nD)o.17 
Sgice D3 kNm 
when D > Diimit 
d \ / Poz ©1868 / toz \06 
Qmax = 14i(1 aN a ( oa (nD)0.17 
Sgice D19 Hice! kNm 
where 
Dimit = 1,8Hice in metres 


n = the rotational propeller speed, in rps, at bollard 
condition. If not known, n is to be taken as follows: 
for CP propellers and FP propellers driven by 
turbine or electric motor = Np 
for FP propellers driven by diesel engine = 0,85n,, 


Npa = the nominal rotational speed at MCR at free running 
condition 
Poz = for CP propellers, propeller pitch, Po 7 is to corre- 
spond to MCR in bollard condition. If not known, 
Po,7 is to be taken as 0,7Po 7n 
Po,zn = Propeller pitch at MCR free running condition. 
17.10.6 The spindle torque for CP-mechanism design, 


Qsmax around the spindle axis of the blade fitting is to be 
calculated for the load case described in 11.7. If these spindle 
torque values are less than the default value given below, the 
default value is to be used: 


Qsmax = 0,25F Co7 kNm 
where 
Coz = the length of the blade section at 0,7R 
F = Fy or Fy whichever has the greater absolute value. 


11.10.7 The maximum propeller ice thrust (applied to the 
shaft at the location of the propeller) is to be taken as: 


h = 1,1F; 

Th = 1,1F 
11.11 Design loads on propulsion line - Torque 
17.11.71. The propeller ice torque excitation for shaft line 


dynamic analysis is to be described by a sequence of blade 
impacts which are of half sine shape and occur at the blade. 
The torque due to a single blade ice impact as a function of 
the propeller rotation angle is to be taken as: 


when 

p = 0...0, 

180 

Ql) = Cg Qmax sin(¢ ( o; )) 
when 

@ = G...360 
Ql) = 0 
where 

Cg = as given in Table 2.11.2 

œ; = as given in Table 2.11.2. 
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Table 2.11.2 Torque load factors 


Torque 
excitation 


Propeller-ice 
interaction 


Case 1 Single ice block 


Case 2 Single ice block 


Case 3 


Single ice block 


Two ice blocks 

with 45 degree 

phase in rota- 
tion angle 


Case 4 


11.11.2 The total ice torque is obtained by summing the 
torque of single blades taking into account the phase shift 
360°/Z. The number of propeller revolutions during a milling 
sequence is to be obtained with the formula: 


No 
where 
number of impacts = Z No see Fig. 2.11.1. 


11.11.3 The milling torque sequence duration is not valid for 
pulling bow propellers, which are subject to special consider- 
ation. The response torque at any shaft component is to be 
analysed considering excitation torque Q(g) at the propeller, 
actual engine torque, Q,, and mass elastic system. Where Qe 
is the actual maximum engine torque at considered speed. 


11.11.4 The design torque, Q,, of the shaft component is to 
be determined by means of torsional vibration analysis of the 
propulsion line. Calculations are to be carried out for all 
excitation cases given above and the response is to be 
applied on top of the mean hydrodynamic torque in bollard 
condition at considered propeller rotational speed. 


11.12 Design loads on propulsion line - Maximum 
response thrust 
17.12.71. The maximum thrust along the propeller shaft line 


is to be calculated with the formulae below. The factors 2,2 
and 1,5 take into account the dynamic magnification due to 
axial vibration. Alternatively, the propeller thrust magnification 
factor may be calculated by dynamic analysis. 

Maximum shaft thrust forwards 


T, = 7,+2,2T; kN 
Maximum shaft thrust backwards 
T, = 1,57 ) kN 
where 


Ta = hydrodynamic propeller bollard thrust, in KN. If not 
known, 7, is to be as given in Table 2.11.3 
maximum forward propeller ice thrust, in KN. 


Ti = 


Table 2.1 


1.3 


Propeller type 


Propeller thrust factor 


CP propellers (open) 


CP propellers (ducted) 


FP propellers driven by turbine or electric 


motor 


FP propel 


ers driven by diesel engine (open) 


FP propel 


ers driven by diesel engine (ducted) 


Symbols 


Table 2.1 


Load case 


nominal propeller thrust at MCR at free running open 


water conditions 


1.4 


Load cases for open propeller 


Loaded area 
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Right handed propeller blade seen from back 


Load case 1 


Uniform pressure applied on the back of the 
blade (suction side) to an area from 0,6R to 
the tip and from the leading edge to 

0,2 times the chord length. 


Load case 2 


50% of Fp 


Uniform pressure applied on the back of the 
blade (suction side) on the propeller tip area 
outside of 0,9R radius. 


Load case 3 


Uniform pressure applied on the blade face 
(pressure side) to an area from 0,6R to the 

tip and from the leading edge to 0,2 times 

the chord length. 


Load case 4 


50% of F; 


Uniform pressure applied on propeller face 
(pressure side) on the propeller tip area 
outside of 0,9F radius. 


Load case 5 


60% of Fi or Fp 
whichever is the 
greater 


Uniform pressure applied on propeller face 
(pressure side) to an area from 0,6R to the 
tip and from the trailing edge to 0,2 times 
the chord length. 
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Table 2.11.5 Load cases for ducted propeller 


Load case Loaded area Right handed propeller blade seen from back 


Load case 1 Uniform pressure applied on the back of the 
blade (suction side) to an area from 0,6R to 
the tip and from the leading edge to 

0,2 times the chord length 


Ga. 


Load case 3 Uniform pressure applied on the blade face 
(pressure side) to an area from 0,6R to the 
tip and from the leading edge to 0,5 times 

the chord length 


Load case 5 60% of Fy or Fp Uniform pressure applied on propeller face 
(pressure side) to an area from 0,6R to the 
tip and from the trailing edge to 0,2 times 
the chord length 


t t t ——t SREST, 0 
90 180 270 360 450 540 630 720 O 90 180 270 360 450 540 630 720 
Angle of roatation (deg) Angle of roatation (deg) 


— Ice block 2 
— Ice block 1 


(0) 90 180 270 360 450 540 630 720 90 180 270 360 450 540 630 720 
Angle of roatation (deg) Angle of roatation (deg) 


Fig. 2.11.1 
The shape of the propeller ice torque excitation for 45, 90, 135 degrees single blade impact sequences and 
45 degrees double blade impact sequence (two ice pieces) on a four bladed propeller 
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11.13 Design loads on propulsion line - Blade 
failure load for both open and nozzle 
propellers 

11.13.1 The force is acting at 0,8R in the weakest direction 


of the blade and at a spindle arm of 2/3 of the distance of axis 
of blade rotation of leading and trailing edge whichever is the 
greatest. The blade failure load is to be taken as: 


0,3c t2 Oref 
Fa, se a X 10. KN 
0,8D - 2r 
where 
Oref = 0,609.2 + 0,40, 
60,2 and o, = representative values for the blade material 
c,tandr = the actual chord length, thickness and radius 
of the cylindrical root section of the blade at 
the weakest section outside root fillet and 
typically will be at the termination of the fillet 
into the blade profile 
11.14 Design - Design principle 
11.14.71. The strength of the propulsion line is to be 
designed: 


for maximum loads in 11.7; 

such that the plastic bending of a propeller blade will not 
cause damage in other propulsion line components; 
with sufficient fatigue strength. 


(a) 


11.15 Design - Azimuthing main propulsors 

11.15.1 In addition to the above requirements, special 
consideration will be given to the loading cases which are 
extraordinary for propulsion units when compared with 
conventional propellers. Estimation of the loading cases must 
reflect the operational realities of the ship and the thrusters. In 
this respect, for example, the loads caused by impacts of ice 
blocks on the propeller hub of a pulling propeller are to be 
considered. Also, loads due to thrusters operating in an 
oblique angle to the flow are to be considered. The steering 
mechanism, the fitting of the unit and the body of the thruster 
is to be designed to withstand the loss of a blade without 
damage. The plastic bending of a blade is to be considered in 
the propeller blade position, which causes the maximum load 
on the studied component. 


11.15.2 Azimuth thrusters are also to be designed for esti- 
mated loads due to thruster body/ice interaction as in 10.24. 


11.16 Blade design - Maximum blade stresses 
11.16.1 Blade stresses are to be calculated using the back- 
ward and forward loads given in sub-Sections 11.9 and 
11.10. The stresses are to be calculated with recognised and 
well documented FE-analysis or another acceptable alterna- 
tive method. The stresses on the blade are not to exceed the 
allowable stresses, Ga for the blade material given below. 
The calculated blade stress for the maximum ice load is to 
comply with the following: 
coy = Tei 
Scale < Oall S 


where 
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S =1,5 
Oref = reference stress, defined as: 
0,70, 


0,6 69.9 + 0,406, whichever is less 
Oy and Og 9 = representative values for the blade material. 


11.17 Blade design - Blade edge thickness 
11.17.1 The blade edge thicknesses, t,g, and tip thickness 
trip, are to be greater than tegge given by the following formula: 
3Pice 
t 2xSsS 7 
edge ice Gref 
where 
x = distance from the blade edge measured along the 
cylindrical sections from the edge and is to be 
2,5 per cent of chord length, however not to be 
taken greater than 45 mm. 
In the tip area (above 0,975FR radius) x is to be 
taken as 2,5 per cent of 0,975A section length and 
is to be measured perpendicularly to the edge, 
however not to be taken greater than 45 mm. 
S = safety factor 
= 2,5 for trailing edges 
= 3,5 for leading edges 
= 5,0 for tip 
Sice = as givenin 11.8 
Pice = ice pressure 
= 16 MPa for leading edge and tip thickness 
Gref = as given in 11.16. 


11.17.2 The requirement for edge thickness is to be applied 
for leading edge and in case of reversible rotation open 
propellers also for the trailing edge. Tip thickness refers to the 
maximum measured thickness in the tip area above 0,975R 
radius. The edge thickness in the area between the position of 
maximum tip thickness and edge thickness at 0,975 radius 
has to be interpolated between edge and tip thickness value 
and smoothly distributed. 


11.18 Prime movers 
11.18.17 The main engine is to be capable of being started 
and running the propeller with the CP in full pitch. 


11.18.2 Provisions are to be made for heating arrange- 
ments to ensure ready starting of the cold emergency power 
units at an ambient temperature applicable to the Polar class 
of the ship. 


11.18.3 Emergency power units are to be equipped with 
starting devices with a stored energy capability of at least 
three consecutive starts at the design temperature in 11.18.2. 
The source of stored energy is to be protected to preclude 
critical depletion by the automatic starting system, unless a 
second independent means of starting is provided. A second 
source of energy is to be provided for an additional three 
starts within 30 min., unless manual starting can be demon- 
strated to be effective. 
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11.19 Machinery fastening loading accelerations 


17.19.17 Essential equipment and main propulsion 
machinery supports are to be suitable for the accelerations as 
indicated in the following. Accelerations are to be considered 
acting independently. 


11.19.2 The maximum longitudinal impact acceleration, aj, 
at any point along the hull girder is to be taken as: 


(=) fi. tan (y + ọ)] + ri m/s2 


aq = 
where 
Fig = vertical impact force, defined in 10.19 
H = distance from the waterline to the point being 
considered, in metres 
L = length between perpendiculars, in metres 
bp = maximum friction angle between steel and ice, 
normally taken as 10, in degrees 
y = bow stem angle at waterline, in degrees 
A = Displacement. 
11.19.38 The combined vertical impact acceleration, a,, at 


any point along the hull girder, is to be taken as: 
Fig 
= 2,5 ( a ) F, 


= 1,3 at the FP 

0,2 at midships 

= 0,4 at the AP 

= 1,3 at the AP for vessels conducting icebreaking 
astern 

intermediate values are to be determined by linear 
interpolation. 


m/s2 


ie) 
< 
| 


x 
Haf 


11.19.4 The combined transverse impact acceleration, a;, 
at any point along hull girder, is to be taken as: 


Fy 
3F; () m/s2 


1,5 at the FP 
= 0,25 at midships 
= 0,5 at the AP 
= 1,5 at the AP for vessels conducting icebreaking 
astern 
= intermediate values are to be determined by linear 
interpolation 
F; = total force normal to shell plating in the bow area 
due to oblique ice impact, defined in 10.19. 


11.20 Auxiliary systems 

11.20.1 Machinery is to be protected from the harmful 
effects of ingestion or accumulation of ice or snow. Where 
continuous operation is necessary, means are to be provided 
to purge the system of accumulated ice or snow. 


11.20.2 Means are to be provided to prevent damage due 
to freezing, to tanks containing liquids. 


11.20.3 Vent pipes, intake and discharge pipes and 
associated systems are to be designed to prevent blockage 
due to freezing or ice and snow accumulation. 
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11.21 Sea inlets and cooling water systems 

11.21.71 Cooling water systems for machinery that are 
essential for the propulsion and safety of the vessel, including 
sea chest inlets, are to be designed for the environmental 
conditions applicable to the ice class. 


11.21.2 At least two sea chests are to be arranged as ice 
boxes for classes PC1 to PC5 inclusive. The calculated 
volume for each of the ice boxes is to be at least 1 m3 for 
every 750 kW of the total installed power. For PC6 and PC7, 
there is to be at least one ice box located preferably near 
centreline. 


11.21.3 Ice boxes are to be designed for an effective sepa- 
ration of ice and venting of air. 


11.21.4 Sea inlet valves are to be secured directly to the ice 
boxes. The valves are to be a full bore type. 


11.21.5 Ice boxes and sea bays are to have vent pipes and 
are to have shut off valves connected directly to the shell. 


11.21.6 Means are to be provided to prevent freezing of sea 
bays, ice boxes, ship side valves and fittings above the load 
waterline. 


11.21.7 Efficient means are to be provided to re-circulate 
cooling seawater to the ice box. The total sectional area of the 
circulating pipes is not to be less than the area of the cooling 
water discharge pipe. 


11.21.8 Detachable gratings or manholes are to be 
provided for ice boxes. Manholes are to be located above the 
deepest load line. Access is to be provided to the ice box from 
above. 


11.21.9 Openings in ship sides for ice boxes are to be fitted 
with gratings, or holes or slots in shell plates. The net area 
through these openings is to be not less than 5 times the area 
of the inlet pipe. The diameter of holes and width of slot in 
shell plating is to be not less than 20 mm. Gratings of the ice 
boxes are to be provided with a means of clearing. Clearing 
pipes are to be provided with screw-down type non-return 
valves. 


11.22 Ballast tanks 

11.22.1 Efficient means are to be provided to prevent 
freezing in fore and after peak tanks and wing tanks located 
above the waterline and where otherwise found necessary. 
See 2.1.3 and The Provisional Rules for the Winterisation of 
Ships, 3.2.1. 


11.23 Ventilation system 


11.23.1 The air intakes for machinery and accommodation 
ventilation are to be located on both sides of the ship. 


11.28.2 Accommodation and ventilation air intakes are to 
be provided with means of heating. 


17.23.38. The temperature of the inlet air provided to 
machinery from the air intakes is to be suitable for the safe 
operation of the machinery. 


11.24 Alternative design 
11.24.1 As an alternative a comprehensive design study 


may be submitted and may be requested to be validated by 
an agreed test programme. 
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Cross-references 


Section numbering in brackets reflects any Section re- 
numbering necessitated by any of the Notices that update the 
current version of the Rules for Ships. 


Part 1, Chapter 3 


17.2.5 Reference to Pt 5, Ch 23,6.3.7 now reads 


Pt 5, Ch 9,6.3.7. 


Part 3, Chapter 4 
8.2.4(e) Reference to Ch 3,138.2 now reads 
Ch 3,9.2. 


Part 3, Chapter 5 


4.1.5 Reference to Ch 9,12 now reads 
Ch 9,8. 

5.1.4 Reference to Ch 9,13 now reads 
Ch 9,9. 


Part 3, Chapter 6 


4.1.5 Reference to Ch 9,13 now reads 
Ch 9,9. 

5.1.3 Reference to Pt 3, Ch 9,13 now reads 
Ch 9,9. 


Part 3, Chapter 9 


10.3.1 Reference to 10.3.2 now reads 6.3.2. 
(6.3.1) Reference to 10.3.3 now reads 6.3.3. 
10.4.1 Reference to Table 9.10.1 now reads 
(6.4.1) Table 9.6.1. 

12.1.1 Reference to Table 9.12.1 now reads 
(8.1.1) Table 9.8.1. 

13.1.3 Reference to 13.2.1 now reads 9.2.1. 
(9.1.3) 

13.3.1 Reference to 13.2.1 now reads 9.2.1. 
(9.3.1) 

13.4.1 Reference to 13.2.1 now reads 9.2.1. 
(9.4.1) 


Part 4, Chapter 1 


5.1.2 Reference to Pt 3, Ch 9,13 now reads 
Pt 3, Ch 9,9. 

6.1.5 Reference to Pt 3, Ch 9,13 now reads 
Pt 3, Ch 9,9. 

7.1.4 Reference to Pt 3, Ch 9,13 now reads 
Pt 3, Ch 9,9. 

8.2.6 Reference to Pt 3, Ch 9,13 now reads 
Pt 3, Ch 9,9. 


Part 4, Chapter 5 


6.1.7 Reference to Pt 3, Ch 9,13 now reads 


Pt 3, Ch 9,9. 
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2.2.3 


Table 7.8.1 


9.2.2 


Reference to Pt 3, Ch 9,13 now reads 
Pt 3, Ch 9,9. 
Reference to Pt 3, Ch 9,13 now reads 
Pt 3, Ch 9,9. 
Reference to Pt 3, Ch 9,13 now reads 
Pt 3, Ch 9,9. 


Part 4, Chapter 9 


9.3.8 


Reference to Pt 3, Ch 9,13 now reads 
Pt 3, Ch 9,9. 


Part 4, Chapter 10 


1.7.2 


Reference to Pt 3, Ch 9,13 now reads 
Pt 3, Ch 9,9. 


Part 5, Chapter 9 


This Chapter was previously Part 5, Chapter 23 


1.1.4 
2.2.1(e) 
2.4.1 
5.1.7 
5.2.3 
5.2.4 
5.2.5 
5.2.6 
5.3.4 
5.3.5 
6.3.7 
8.2.1 


8.2.2 


Reference to Fig. 23.1.1 now reads 
Fig. 9.1.1. 

Reference to Fig. 23.2.1 now reads 
Fig. 9.2.1. 

Reference to Fig. 23.2.1 now reads 
Fig. 9.2.1. 

References to Table 23.5.1 now read 
Table 9.5.1. 

Reference to Fig. 23.5.1 now reads 
Fig. 9.5.1. 

Reference to Table 23.5.2 now reads 
Table 9.5.2. 

Reference to Fig. 23.5.1 now reads 
Fig. 9.5.1. 

Reference to Table 23.5.2 now reads 
Table 9.5.2. 

Reference to Table 23.5.2 now reads 
Table 9.5.2. 

Reference to Table 23.5.2 now reads 
Table 9.5.2. 

Reference to Fig. 23.2.1 now reads 
Fig. 9.2.1. 

Reference to Table 23.8.1 now reads 
Table 9.8.1. 

Reference to Table 23.8.1 now reads 
Table 9.8.1. 


Part 5, Chapter 23 


This Chapter has been moved to Part 5, Chapter 9. 
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